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(54) MANUFACTURING METHOD AND SYSTEM, DESIGNING METHOD AND STORAGE MEDIUM 
FOR ELECTRONIC PARTS 

(57)Abstract: 

PROBLEM TO BE SOLVED: To control a coupling direction 
of a ferroelectric insulation film, restrict mutual operation 
with an electric field and restrict a deterioration in an 
induced electricity due to the electric field, by a method 
wherein simulation resultants, based on molecular dynamics 
and fluid models, are utilized for other simulations. 
SOLUTION: In a process fluctuation calculation unit I, 
macro-property not taking into consideration fundamentally 
an atomic level is calculated, and is stored in a file 2. In file 
contents, a coupling angle of an interatomic position vector 
calculated in a molecular dynamics simulation II is inputted 
to a film characteristic calculation unit III, and a fundamental 
film characteristic is calculated therein and returned to a 
file 3. The fundamental film characteristic calculated in the 
film characteristic calculation unit HI is also returned to the 
process fluctuation calculation unit I as a part of 
parameters. The molecular dynamics simulation II is 
executed in combination with a molecular dynamics method 
and a density function. As a result, it is possible to progress 

a semiconductor manufacturing process according to a desirable process, or with amendments 
without a test piece. 
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(57) [386 ] 

HUM ^SttSSBKitrn-trxSr. r*htr-** 
^aSOr-^Srtt-SXSfc, ab i n i t i o^»^j 

< t i> i Wr- ? s-^sist . mam 



(2) 


<ftm*P- 1 1-1 7 6 9 0 6 


[19*3513 m^HfiftoiBtrn-txwwMWrtiti 

lis 4H t «**fc»^v^i:tffeh.*iak. 

fc*?v >Tff -Ml 6X8 k *> 0 s WKfcfmilWz 

[19*312 3 HrE3iX5c«^Pi6*^5aU->'s>' 
SB.5i.S3ir n -fe X cofgfi-^ . 

[19*3533 MeaacjtafttT/uorD-t^^** 
*»t* { fciM$fi.g> i t s-ft&k-f* 19*35 i fcK**> 

[19*3553 Ht. iwEKje«<wfeiytA*-r*s 

[19*3563 ms.^rnij^^AU-^ayit. # 
k *&i»k-t6i9*35 i tie«^«^iiftSSJsrD-fc^ 

[ 19*35 7 3 *K3HF»* , ftMSfliat^ 

cas^wc t k srwstk -rsm^a 6 taettovf 

[1**318 3 KriBKIIBEDOflnK^U. 3#|SJH£Jft 
[111^339 3 |9IE^»^^5*W-y g yH, 8 

*35 i tiewou^ftKasra-t^cosn-^. 

[f9*>5 1 0 3 mBBm#?>i'*M*ATTAiX 

7->*sr^x'$>z>ztzi$®t-t?>imm9izs&i<?)m 
[19*35113 m&mwxT-y-svMZBKsxT 

>i"r)\>T9>hZt*mib-*h 19*35 9 fci EKOH? 


[19*35 1 2 3 YHN&OHttXSfcttv >T . K&£ 

? * fc* is k . sat assart c» a« ti&«?*m 

cD««tfclH**IBfiIgB?£A;»Jtf k U £*>AA* 

££K3&7itf>x s a u-v 3 y frft&nmeMttSX 

k . «BB^»7 f -^ k SUBr?- * k fclttRWe^-*! 
Hk, IWEifc«B«|[t=J:0, mieK3tXSH^<Oi6^ffi 
fc, tt^««r-^*»^iKB?ti.*l90l3tXSH^ 

-IwXfttotihJMbfrk**) , WSEiHFtt^fcaS-? 

ajBiwi* k wieaft* r Mzm-i\ ^x r mi*, v 5 * 

^3 >-igmk LTi±i^$n«. 3<X7t!t*iaJI^'>-=5r< 

t=Hjasii4i k ^wstk-rsiE^gf.a^ji^at. 

[11*3113 3 HEH««T-^*^««?<i*8?fiE 
SKtXSB^ k «OBW>*l»!WRF«WafcHI iT v vt . 

d k Sr^ffi k -rSlt^ia 1 2 KEttaVHtAOlltt* 

[ts*isi43 ffie.w&gnmi'jz.fiti-x^&z 
b zn®b-r$>n>m 1 2 (zratavHRAana* 

j£. 

[W*JBl 5 3 WE^9^^fl:LfcttM«Bi«ai5« 

[ift^lSl 6 3 WE3fc7Ea^lS#*2'5*i>-5<'9 
>* > ^miie3<^8ilf* : &T^07'a-feXvS il/-y 3 

ai*«ii$ixSC:kS:1fffik-r -5.111*351 2fcBll<0 
[|«*31 1 7 3 liTie 3<X7Eg5fls* fWP-feXy 5 

vyw9mtfmk*ixz>zb*w&b^bwm\ 2 tie 

[W*3g 1 8 3 *WMHR±t=W*3*i 

[ m*ja 1 9 3 mne^-aix- ^ t hksht - ^ t wjt 

•^ttSadlWffiB-Cffiaft*^ k £!»f8k -TSi9*3a 
l 2 t:ffiK«o*^«S l ftfiO$8S^rft . 
[m*ja2 o 3 mii$mxn®?i®jwmi-zxm 
««jaw»Bi-«¥*rfi*ikt«f«k-r*iir«3Ri 2tc 


(3) 


11-17 6 9 0 6 


Z b ZVs&k'f £ft*3l 1 2 eettoCTffAOWfcfr 

«. 

[1**332 2 ] aiBa^iwmfctt. «mna«tt^ 

[9fJJ2 3] ffinOBHBBBIfliH^Hfeti . 3*I35H£ 

[f**3I2 4 3 ajfWHHtt*^ SaU-ygyli. 
&aW?KT yxT;^fflv>T £ b 5r ffft t "f * 

mm 1 2 £eaoa?«AcoH&#%. 

[19*112 5 ] «WB»lfcttsKT>'5'-WHiATTAtfr 

[W*ja2 6] msa&mxTyis+MtBKsx? 
y^/uThi-r^zti^mk-fi i**ji 2 4 eea 

[f**3f27j fflSlfrmJ}¥i'$*l'-i'3y?W 

t>titcimim<7)im<?)'j>--% < 1 1 1 »r- ? * 

ffl^T, HtcS^^x/KOT'n-tXv'SiU— i'g ytf 

nbtiiztzimk-r?>n*mi 2icjEa«a*»ift 

[19*31281 S*gB^»^^5*W-^9>-fcaE 

[1**132 9] HWB3<*7Cfl^iWj1*S'5*V'-J's 
file 3 &7vfcW^)V(F>TxD*!L Xi/iiV-ya 

a**<a&&*i& ; t £ftafc-*-&i**3i2 7(cid»co 

amBrfoaatffc. 

11**331 3 0 ] z.^m&nmmm.k . mmmm. 
rttw*sn^miw ; HHiio* ; F*mw»itta3ei- 
■i-syjggat . aKaTOAoiittiKB?«>ttaa* 

Aflat U iOA^JffiSraitvSiU-^gyS-^ 
v >Mie«rtt<^f«-r- * H# h a v t a - * A 

t. aiaagaaatrtrasaaa tnne^t.*-? 

^XTA^SIfrt&^KtfrflU. 9*12 3 .3.-?^ 

sat. «E*a*r-**»£«*sft*iiB«ai« 
m?b<m£*M£ij s m>htitem$. mimzmmco 
m&^mftLxm&xmmttmjmm-? zz t *w 
mb-t&vm&m^L^^M.. 
[19*33313 m&mmmi77*?tt.ix^z>z 

[1**33323 wie??**fcLfc«a«att*c*rt 


"C*4ifc tWKff 1 KBa^amftO 

mbmmxm^bcom^b^z^h^m^^^ 

*\s—>3 y\,zm^\ iXfibtiZ Z b fctta b ? £1** 

[ 1**33 3 4 3 mew aw . ^aosaj: izm&zti 

t loC|JH-£^T'*£J:tS:«fat-t&I**333 0 

[ 19*33 3 5 3 m&=mr- 9 1 aa»r- * t wit 
«i«ej4a»Q»wmf«i&i t swat -ram** 

[ §9*33 3 6 3 fi«ei8ftxsH^ srioeisa-r&xs 
tta&aaiaefrirfi 6 z b znm b -t s §9*33 30c 

[ §9*33 373 mz , ffisA^i a t lt fjieissistfo 

tt, «IBAflafc*^&r**fc*$»t*fcff3£i: 
£^t ^619*333 0Kfa»^«^ftoa£vXx 

A. 

[19*333 8 3 m&frmii^mt. *iiaigaa# 
mtz^s^x^zb^mib-rhsimsoicsmn 

[19*333 9 3 WEWB5KllHi«t>m»*. 3(«BS8S: 
&^TV>1> £ t £#at^£f9*3B3 8KiettW«T8& 

[89*334 0 3 «E»?itt'i'Sa^s>'ll > 
[19*334 1 3 m3&B!m# J r>i"rMtATTA# 

7-yi"riVTt>z-ri z b £«a t-tsi9*334 0 tie 

[19*334 23 »£j£«&WT yis\M± BKS^f 

y 'sviv-zhz-t h z b *¥mb ?-si9*3B4 0 ciea 
[19*33433 frie^Ki^>-5aw-^3>-c-# 

tihzb twat-r *n*Ji3 0 tciea^a^gp.awsi 

[N*II4 4 3 flie^SS^v'SiV—vaVtSS 
S*U-^HyT*iikt«ak'f*l«*«4 3fclB 

awa^faacMBft^^T-A. 
[ii*3i4 53 «ra 3 a^Tt^a^v s^i—va 

a«*qBS *tit z b iW&b thWsmA 3 izidM<?> 


(4) 


ftm* 11-17 6 9 0 6 


3 .a - ? K 0 TOBftEttgf*. 

frmi&8ikmmwn& t xzzk 

c m** 5 o ] iirie*^fli<i , ^ttaarca & £ 

a** t *<w>t> zzmz%:ffi\%z'fs ozt znmt 
-t-hwm* 7tean»iE««t<*. 

[Itf£iJ!5 33 i9KlfflKW^T-y^r;W±ATTA^ 
[f**iB5 5 3 (nB4HF«*^5*W-i/sVC1» 

*m**4 7 fcieaw>R»sK*, 

2 yT-s>&i i: 5 5 me 

[111*33573 Ma3adfc^»^^5iV-v3 
MIS 3 ^TtSJ^x^orn-fe^ > 

>"v fA»e»». ^rvvjt, afloat cij*<o* 
3Mb6*«asn* i t *n®ik vztmm 5 tietfco 
gasaw*. 

C00013 

[«w»«r*a«4Wf] sec *WH«. *hmm> 


***Reg»u TXhv-xtm^&zkZK. * 

[00023 

•y73XMi % 6 4KK2 5 6 M;£-C£*a { ^tt!J^?•& 
i:4:t>fc^ Hi 2 8t=jjrf idtcSHtT*. 01 

&LTV>4. 01 28fc*HvC s ro^h$<Ut 
jflW«-v:r3.Xh*jj*U *«{idRAM«iSftSr*L 

[000 3 3 01 2 8*C^-r±^lC, 64K*^2 5 6 

x^l. ~ftxn i R<nm±lz£&axhCDWl3nZ'J>--LT 
t>flat$-tt-6fc». Ell 2 8lcfe^L/SJ:dfc:, 
Hf , 6 4 Mfli. ( 1 ) A^«tKi, ( 2 ) fHKOfPP 
ft. ( 3 ) * v7*H X<m>K ( 4 ) WMftttXs 

< 5 ) 4*ttm±, ( 6 ) f Aftatas. < 7 ) *paft 

[00043 25 6MC=5r* fc , fMWoaffl^, KSS 

««5ScoaSffl, iti*ft^2:lll>Ci:t3i: 
•3. ^^^-/UCJft*Tl9><<0T*«.. L*»L. 1G? 

*^t*6. dfiaT-C02 5 6M??.x£T'£)S3Ig! 
««««Wtt«ft*«»*t^l.Tff<8awM^-C 

»Bi5iaflS«OiSefi6ftSrffiR8^T-it*LTff < i k 

[0005 3 4fc, HI 29t^-*-iat. #XSfe 

WMMcztdzmm'* mm. xsa*>^b^c 

-»D-E-»FC0)II^T-ffiffl$n-Cff< tc0t-f&. i<0 

[00063 4)t. 1 G^7XfeLh-C, a — ^Bflt 

«WIWi*« < eHiUc«ro-C<tii:t k **. M^.Jf> ^Jft 
cDjSBk S^»ftffi<0«t^. IR^ U^T^Tiift^S 

swrc**. mtx-te. ztihcn zkzzmix. m$t 
fmx'\*hhi)<mL^m&kLx. 01 30 3 


(5) 


nm^- 1 1-1 7 6 9 0 6 


*|JSS*<T'# Sid tzKot * 
[0007] ^tt±£X»AUfc«4MtMlM I S 

f*Bt£5MHtf ft t . fclMMKEf ii* < =5r 0 s £ 
ttKfcKftStfft . ifc, EEPROM«#iT»* 

[00 0 8] U>»U MI S^*«8«IHI;SfiTt>. Bl 

4 W M * >imv$t± I IE?ltt . **i<fii 
0« MOTtfril+fcttASflft. 

[ 0 0 0 9 3 t> 3 ^ LlTf L^/UT'^T *ft . 

emtit. h-v-^s-flua-tfts i -on**. 

•&*H»W3*Vt, *TOEfl.*^3ftftJia+'&* t » 

[0 0 10] ;r*t./»0*t»fca»UJ: 3 t LT. «JST- 

ffl-hfcH:. Wk-fey>ACeO,*«*iSAj«*-*-ftii: 
«*, J.Appl.Phys. ,Aol. 69(12). p8313(199DC«ftS<l 
TUft. &ftV>»±, *fl^/l/v">ACaF2* t ^U3>' 
*tSfl±C#»ftjR*-rft £ t * { , Japan. J. A PP 1 . Phys. 
SuppI . , Aol . 21-1, P187 (1982) fc«SS*lTV%ft . i il£> 
(±, -SST-J> 0 . iJt'T-Y rTWK«rc*ft tf*> 0 Tti 

-tJoflwtwtttirftim^ttfcfc^^KmOTai 

f±. A. Miyamot. K.Takeichi, T.Hattori, M.Kubo, and 
T.Inui, "Mechanism of Layer-Layer Homoepitaxial 

Growth of SrTi03(100) as Investigated by Molecular 
Dynamics and Computer Graphics". Jpn. J. Appl. Ph 

ys. Vol 31, (1992) 4463-4464. Wh ft . ZZX'l*. «. 

uT^A h**t»mUftM«{fclM:l.T, *ft*T*S 


*»U Si -O-TiXW, Ti - S i-Sr|S3(OM 
J «0i<O*D«K«Sglorfflv>TV%ft. 

[ooii] ztihnz t3&>^*>ft«(c#lSdWfiS!« 
#J&£ k*<0*tcSIH- ft *»C=M o T ttS&fc* IE L v ^ifrT- 

■te*±<7)D 7r-f ytCjfot"»ttL.TV>ft<0*flS«T* 
ft. . **ft^t»^8BSr^»ffl«rftk*>. 

i*««t«t:ns-rft«jt^*46T(o^m*<i^«*r«vi 

[00 12] 

[*8jWK&LJ:3fc-fftillBJ L*»U W±<0i3& 
fU^5X^7->KC*3V>-C < 3B£HELT^ft«t> 

Stefi3*tt0%a-Cti, i-Tx^ht-^kftrf-ft^ 

mt, mm*?. mmmzm&L. mem*. 

tt 5i 0 1!I * J Jiff u r v » ft *^ f o fr£ r-X v L T ^ . 
[00 13] *>a>ft-rXhe-*co<£ffltc.£ft#:?7X 

±te*»^-cMH*«*ft. MttMco&mxmxa 

K»IBK*JV^Ttt, XPS^FT-I ROSIifSrfflV^ 
SO^aWT**. itl* i n- s i t u-cai^LTV^ 
Jttt'Ct, -C-<OT-^<0*i*^ftkC:-5>«, mttX'lt 

-^adftttar^feWKUT, ws^ff^&i-t^ft 

if 3 *>t v > 3 ¥<JSS«T'* ft . Cl^OJ; 3 ^*czRT1±. 
WJWWWWfclB-s-C^ftfcC** 1 ^^. *Jt, S*W 

W&mco&mizm&ztcoX'£*^$iL^*tt<r)Wgtf 

[ 0 0 1 4 ] X. -*'C5H!WJ^5il'-^<OfiJffl 
tm&ZtlX^h. Lfrl. HRK, 4HH»**^5a 
ro-fe^Wfffflrnsjr^AKJt^ ( l ) 

^«fclt3t* { jl< , *fc ( 2 ) «^t-fft!|*J«0^^ 
^F?RtC/h§V%i:at>tLTUft. ^HHftft 


(6) 


ftmV 11-17 6 9 0 6 


[ o o 1 5 1 jtt itf . *&w*m±. m&m%%# 

^tfll- WJn*#TTC:«0x^l"¥*», ft/He $r 4 

<as£?*5gu ztiizxo. -mmimoM i s 
AanmfUk^flififriisicmi'f « ^ 1 1 . £*i 

m&LX^&&M?t> { t'cr)mzMmi-&cofrZM®{zL 
frhjEmzMtn&Wtfhitztf. *%BB«^f»i. ab-ini 

4. 

[ 0 0 1 6 3 mtii . hJ^WMHUte. »«^$-EpJn 
*4i. h**/MMWO«^fc«jSLTViftlS* 

^y=>>-3iBW*«o«*fcttsi-ott 

te. «^Th>'*;Mai«ta3ii-6*^jE?L* f lia 

*»*.*fc«t. *#5»fcJt*ur, CI<0*$KcJ:4tft*5 
«<o»# («itf S i -O^) ^WSf^P^SitT' 
ft4. 

[0017] SftfcteiMattefcaffiSfHflli. «lf 

JBa«avM«!lS«>t>*>*J:9iJ«a:<$t4J: 3fcrf4.IfcT 
ft*. #JW«0Jt £< 7V/At L**^ «y* 

4. 

[0018] &^ft£tt*ta£te<o 

[0019] £*Ui, MHM!«fl^£a^n-*-« 
fcWC, StU^ab i n i t i 

2>^xrAKJ;4fmtS*fc»g^lii!^f-?&SK 

4. *«H8*fcJ:ft*rUv^NtfcL.Ttt. 

Ktf tf r ±epJaitffTr^co e *x*;Mf **|t/R:$r 4 

»fc»ftS«*fT3c:k^j T'ft4. ^ TtSgJSlJb^fSlffi 


<oa*x*;^*tfHStc*4E« #-fc«0b 'J 
jyfc»jW4fctf>. ^J*to(;:*fc*£<oSffex*/pdf# 

[0020] #SiJI3$fS1tftlg|-oJR Oxlf T . 4 0 

mmtcr>m^mcr>m^hiti,zj:^x^< 

r t#j *LJ:3fc-f4rA4. 

[0 0 2 1 ] X, 3(s^li, ^^^.^fk^Jt^^x^ 

m o x^i l&#£> m^rt 4 i t mmt -f 4¥SM* 
s a u-f zmm-tz, £ fc $• gtflfc 1-4 . 

[0022] 

[SBH*»^f*Jt»CO*a] *»#*<btt, ab i n 
i t i o^^iJ^j^Srfflv^. ^fWrsSdE^ttSttftlJI 
( i ) #7-n-fe^B*<0J84,S*^», #S*iO-fix 

s<xTv^4*»<of-*v^. (iinsaaB^tffcafcuj 

^■rAC0Sfe^4«ffftJ±, (vi) rn-tX(0S*!lS-SR 

(v) WU^ftMx^y&ttfloLfcj6fc. (v 
i)«fLV«*|*j^fAfrf«|DLfcjft[fcft6. 
[ 0 0 2 3 ] 1 ) {± N ^^IPfico 

frtizxnt^ ffib^Mzm-i^xifibtLhzmtfr 

•fyPtS^'V \T^T*>n& x5al^-y 3 LT * 

Ztl*ZX'<7>i'$j l .U-i's>tZimZ1\hZb£im 

[ 0 0 2 4 ] X, *«W (MS* 2 ) tt, ±ffiSII*fl 1 
mffB3»:7E8Jf*:tT;P«orn-feX^S aP-xa 


(7) 


ftBBT 11-17 6 9 0 6 


[0025] JEfc. *»» (ffcR«3 > tt. ±IBfl!*JS 

[ 0 0 2 6 ] JEfc . ( m&4 ) 14. ±ifilS*JH 

ltctovvc. iteCTSAU , ¥»*SIBT'*> * £ fc i 

I 0 0 2 7 ] Wc. (SR?JB5 ) »i. ±ie»^3H 

[0028]Kfc. ( Ift&fl 6 ) 14. ±£M*a 

»**Sk*^B«Sfet <o*»^ly*-rtf £ fc 

[ o o 2 9 ] wc . ( m^S7 ) a, jjemm 

[ 0 0 3 0 ] St, (D|^8 ) it. ±I2W*3S 

T v** £ fc Srftffi t -f &*^a«i«Jtro-*:^ >- 5 a U 
[00 3 1 3 J5fc, 4&M ) (4, 

[ 0 0 3 2 3 Wc. **HB ( 1**31 1 0 ) {4, ±IBi*^ 
JH9fc*»>T. fflfBll*Wtf^Vi'-WM4ATTA;t?T 

[ 0 0 3 3 ] «= % *#« ( 1 1 ) {4, JtlfiW^ 

[ o o 3 4 ] sp^ , iM&tim. i 1 1 


«k 9 # < <0flR6S-f#S £ fc * S T# & . 
[ 0 0 3 5 ] X. (ft^ 1 2 ) (4. Hl-^ift^ 

#tt£»£LT*«SJT-*£'f#&XSfc. mmm 

smzmm^ntz^m^n^izm-rmmxmm^ 
ttowf-:?$-»*xgfc. Mie^aT-^fc^Rai 

x- * fc Sr Jt««!^ & fc . IlEJtKttSC J: 0 . 

BijIB^5 A U-X3y{4. iH^li^^k^i^v^fft.ti 
4X«fc. fflt^TMzM^XfftotlhXmkfrb* 
10ie^»^^c3£^viT^t>flSv-5iW-v-3 

*t*3JJC7C««»<^^<kt>-*l4, fl»Tfc:teS3*l 

tzx-coisij.U'-i'ayt.zmmzti&ztznmk-t 

[0036] JEK. *?6BJ (fS^JB 1 3 ) (4, ±Elt« 

fijtxss^ t c?>i$<r>ifm&t>m®imt:Mix ^x . 

«jBSa* { ^T'J)I.J*-&H{4. ^Adli: LT&JI-f & 

[0037] ig(=. #3&BJ§ (a^fl 1 4 ) (4. JJBII* 
511 2fc*$WC. «I1B!!!JS^»47 5^5"fkL-CV^C: 

[0038] SSlCs (M*3I1 5 ) tt, ±EII* 

2>. 

[0 03 9] !5C <U!*«1 6) !4» ±KU&3j< 

>-*^friB3<^iE#:*T^rn-tXv5 al/-i/3 

*3&««aS<i4£ fc 5r^®fc-r*« ; faJfl.«!jSrn-feX 

[0040] 5Efc, (IWfflU 7) 14. 1JB»* 

JH1 2l*4iUT, frfe3^7t8S«c^f^«orn-fe^^5 

**<(giM^*x4£ fc 5rfipffi[fc-ri»«^ [ at»3t7-a-fe^ 

[ o o 4 1 ] sgK, *mi (aws« 1 8 > <4. _uat* 

3B1 2CfcV^T, 1516^4, *mt*mLttzMf&.Ztl 
¥3I(*2£«*BB. ftl/*P«H«HKrt«<^*<fc 

t, i ofcuwifcttT* & £ fc * ^»fc ts*^ s?>fto 


(8) 
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[0042] wc. *&ajj (HfcRJIl 9 ) 14, JiEIS^ 

js 1 2 icfewc. Mie-f-a^- 9 1 naasr- ? fc Oit 

«ft£<4&&£B#iaTf7;b*l6 £ 1 fcWRfcf**^ 

[0043] at. *9mj (mm 2 o > ut. _biant* 

»4jB»»*iaTfT*>il*£ fc *«ttfc-f 
[0044] SEfc, (Sl*#2 1 ) 14, JtKlTi* 

£ fc frttftfc + 4 VTtfAnWfttrStratt^ 6 . 
[0045] 1C. (l«*3S2 2 ) (4. JJEM* 

Jl2 1{cfcvvc. «MWH t »#W£tt, S^5«K|s]«8it«- 
fclUWvvcv»4£fc*i«fc+4«*«ift«»:frtt 

[0046] «C. (Sb£Jl2 3 ) (4. ±KW* 

JR2 2fc«HT. B9fa*»iSHI«a)[^ft(4. 3fMDB« 

[0047] SEC. *%Bfl <lt#JB24) 14, ±E«« 

[0048] JEC, *^ B fl («^2 5 ) (4. ±ieiS* 
fl2 4C*J^T. ItiBtSBWtfT^i'-Wl'ttATTAtf 

[ 0 0 4 9 ] Htw. *mi ( i»*3B2 6 ) 14, ±IB§*# 
J82 4C*HVT. 8HBg»«iKx V ^ -V >H4 BKS,i?f 

[0050] Xfc, (IW&B2 7 ) {4, ±ie»^ 

«12fc*5V»T. irK^»#*5'3 a VTW 

4>*ifcfl«ffl«tf>**tt*>il«0: < fc fc 1 -o(ri=m?- ? ft 

fftotitz. fc tWAbVhVmg&M&ti&XVMkt 

[00 5 1] «c. *mi (DW9H2 8 ) 14, ±£MS 
JB2 7fcfcvvC, HE^H^^SAU-^BVfcW 

[00523 MZ, (19^2 9 ) 14, ±151** 

JUflEBSfi* £ fc £#68 fc f 6«TOiRiC0at*3r&* 
[ 0 0 5 3 ] BP*?, JjaiWHI 1 2Jbmm$T%2 9 (C|E 


^Xftbtih T n-t * S a U - 3 V iz 

^t>^fc^&. 

[ 0 0 5 4 ] X, (M&K3 0 ) {4, UE^.ffcW 

w^wfl^wttjij&tisuejafc , mem^msh 

cO»jtX;gH^cof85£fB£A:*liIfcU £WA^Jffi$rS 
gBfcManvtri-^^x^AS-^-ri^SfcS-fiS 

friS3vtA-^v^f-A(4, inE^air-^fcK 
fw^-^fctifcttiftjettfiv^ mettiswecj: 

4>Jt*3fi£WieSiexiIB? fc WBK=«Rlb^^4» 

£ fc znoit-r bv&BamwBLi'A 

[005 53 55fc. (11**3 1 ) J4, JJEIf* 

JS3 0tfcv>T, 1-rffiK3tSI»4i?5X^{btTV%&£ 

fc ^ nmt -t^^&^wm^^T u*zmm & . 

[0056] We, (««W3 2 ) (4, ±ie«* 

J53 u:8^t, iinex'5x^-fkL,/s»^B«4ft3itii; 

[0057] W:, (IS^«3 3 ) <4, ±ifll9^ 

JB30C8VVC, MfixS jLl^-X3y{4, iHflfctl^ 
&fc«*iaB«ft*fc«ffl^*>*fcJ:*^ltJ)^x5 
^-ya XcS^V>Tff^n* £ fc 5r«afc-f &tTf 

[0058] (1**31 3 4 ) {4, ±IEUI* 

rH3 0t*JV>T, 1tlie«ftt»4. ¥SWHHE±tc#J*Sfi 
fcK. ^*«g^Hs »ViN»fWHKrt*<0^< fc 

[0059] (l«*«3 5 ) J4, ±ie«* 

^3 0(=8^T, lirlB^ai^-^fcllRiBlx-^fccOit 
R«l^{4S^II«rlSJT-fi : ^n.& £ fc SrWSIfc -ri»lE^ 

[0060] jgH, *3KB (««*3 6 ) 14. JJEIt* 
*3 0lc*$v^. OTEl!»ISH^fe1*iE«a-*-4Xa 

ttKj^mrti*>ft*r fc t*«fcr6«miw« 

[oo6i] »c *^ (W*3S3 7 ) <4. urns 
m3 0iza^x. mz. miAJifet Lxmmmmco 


(9) 
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[0062] 35(3. *|&9H ( |J|^3 8 ) J4. ±iEsfc£ 
[00631 Jgfc. *8BJ! (|»^^3 9 ) f4. JJBII* 

tmt&. 

1 0 0 6 4 ] Hfc . ( «*JB4 0 ) »4, jje»# 

t -r & JR^aflKoiss^xA * now- s . 

[ o o 6 5 ] wc, (mm* 1 ) tt, ±Blt« 

JS4 Otfcl-vC. IlieSlfcW^T-Vx^/WlATTA.-K 
[0066] let. *f6W (3t#JS4 2 ) li. ±iElil* 

[0067] Set. *&Bj| (|)J^3I4 3 ) 14, JilfilS* 
*3 0fc*Jlvt. IffiifflH^SaW-^syTft 
^/iB?IEWft^=5r< k fe 1 -JWIIf-^^K 

6. 

[0068] sec *ws (ft*^4 4 ) t±, ±ie»* 

[ 0 0 6 9 ] 3EK. (SWJ3B4 5 ) tt, ±EH* 

*4 3fi:**vvt, W8E3Jjec«^IWj*^5AV-^9 

[ o o 7 o ] ±i£iB*3a3 ommrnA 5 tie 

[ 0 0 7 1 ] X. *»H (f»3^4 6 ) 14, IB^SSftO 

*'fro7u?yj*x-b->z, msmmmpuzimisti 
t&^mb. znwmtttzfrmjjtmbm&im 


*rn^?AHEi*Lfc3Vtf*-?|Jl*K9»rie*IE 

[0072] (19*314 7 ) 14. JJEBWt 

«4 6K*JV^T, BEtt^ WATS' 5 ^Iz-ygyli. 

£#&k^*iE#£#5: . 
[0073] Wc, #&bj| (M^qf 4 8 ) (4. ±iEI«j£ 
JB4 7te*iV>T. MB*ffltt:*j*iSHL ftPtiSIIIflNftft 

[0074] Hfc, *«S <m$q|4 9 ) 14, JJESWc 

[0075] JEfc. (fj!^)S5 0 ) {4. ±EW* 

[0076] jet. *»BB (f*-RJH5 1 ) 14, ±IE1U* 
«4 7l:ftv^. Sgtw, SulEia^tt^»9>4>#'SrA^& 
fflE^B^^v- S i U- v- g y(4, HiJfS 

[0077] JSfc, *»J! (ff^JB5 2 ) «4. ±en$ 
fll4 7te*J^T. SlfiE* : f«l^x5 i V->'3yJ4, 

k-n.fEli«(*£Stt-f&. 

[0078] etc, ajs&Bjf (»^5 3 ) »4, ±Ktt* 

fy^t/K-*4ti. £ t s-^aki-siEi*«*£tift 

[0079] J5fc, *&BJ (||^JS5 4 ) <4, ±Mim 
iS5 2(;i5V^T, B!TlE^«W^f->'>' J v;NiBKS^-f 

[0080] SSfc, *%b^ (n^^ 5 5 ) (4, ±IEi«* 
«4 7 1 J3V vt , He^^tt^qe V 5*l/-s/ 3 >T1# 

60ro-tX>-5AW-x3>'* I ff*><x6«lk£1#afc-t 
&IE»«E*S:a«-r6. 

[008 1 ] JSt=, *%Bfl (|»^3g5 6 ) (4. JtBIt* 

h £ k timb-tzR&i&mim 

[0082] jet, *%bj (!H#jg5 7 ) W, ±IEI** 
JH5 5fcfcWC, WIE3»:7C^»^^5 A W->- g 

&ffiK&zti&z b & mb-tz%»mz m-ti. 
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c o o s 3 ] jpt, ±Mzmm 6jbwmm57tzsi 

ro-feX -> 5 a W - >- g y * 4 tffiflr 5 i t * S T'S 

[00 84] (19^9) t4, abinitio 

4. **raietI«B*«>iJ«8r< 1 1, 1 -*9RJM. a 

ft6*ji3eifrtt»j««njtii, ¥3KMHRxfc#j*s 

'J>-%< 1 1 1 ote«tt61ffiE**«Otttt*>2Kr< t fc 1 
ofrHStT»4>ftfc5MHH'--*fc£KK, WWC 

itiwjuetT. itreaaisBffFwi^wat^Mjettfd 
vife? s^ij. u t now 4 . 

[0085]-*, *»H#tB44ffl&ai6£' 5 
* K-? V>T . HHe tfc J: 3 fcfMMcftJfcWlV » fc V > 3 PI 

v » 3 ISJHfc*! t r U***£#A t r £flR 

t, ^ss^^s^v-^tro-fexsswjffiroj/ 

areiwcRiw*. 

[ 0 0 86] i-T ( 1 ) <0tMKK«0ffIBfcWUT^L 
Pt<*ftr*4. ^TlWjWi, M^HfflHlKo 

rr. .rixfc, «g tr^4 i oofflifctti oo ofB 

[0087] iwaSS*S^^S{C^*^Wfi-»:A<-# 

sCtfi!->TSf aiSil&jK-fy^-v^x^/^Vi j £ 1 fc 
*>. rt£3ffitr*T<. t*»U t&k? 

14. Wfe. tfV-yS'-rA*. ra*wrm««fcfcte» * 
fcJlll;b4 flfcov >T JrW^x-^WSrff -5 T 

fc<*fc£tt-?rvvt. rwjaT-ii. ±iemooffl 
i o o ofltfMtfffcovvt:. t-^*# 

Sat. ^f^y+^ls?i>lTff< t>OT*4. £ 


ixt4. #«fc»*iao»*»*t<0T*4. i^tfr-^^ 

[00883 %mz<7>mz, m^f—^^btptm 
ot. x^yis^)v<nmi*&Ltz*mmizimx'h 
4*>f>rs>4. ±ct>a^^»t=> iiffyj/t* (v) 

<4. ffl 9 WJK^t^aiii&av (<?) . S£>fc 
»4, Emir) mtfWMzfrtiKHs^T^h. iitte 
fc, £;H£. Kmc, «#LTraR*fts*<0l#MSfc: 

[00893 4>«, i W**HRfc^«fc«« 

•c. ±ew*c^ys/-viK»>«9Wtf3gi»3& j . an-*- 

«tviKHHB|S|fl|»»A«r^AtA:. i 
niciO. *iflcoa»li~Ji#*fc**teSr4*«. It 

[ 0 0 9 0 ] T-tt, i«0WSJEIiHI«^<0-#<0«* 
SrWTC^-f. Cinii, HR£3ffl<OJSH=*«5£tT. 

-r=0:^*». JS : F3«{c:MtT-JKW^iaa5 

**. *E]tTffl^TV^43SaBtfcov>T 

dtf, JEt<. «»a*s#^T^4^i:S:^t 
fc. 

[009 1 ] £[T*«Wt J: 4 ^^r AcommtrMfttt 
CIWIt6. Hlt«BfC, *%tycr)%mcr> 

TV>4. 

[0092] h^-^V I \z£->Xftt>tlfi:%, 

m^Br«i^ap i v rites? n 4 . 

[0093] MJtllVrttJtfR I V-CWitHSg** 1 . 
[0094] 7*o-bX3EH«t±ix--/ h 1 T«4. 


(11) 


fifflBT 11-17 6 9 0 6 


[0095] ^i^i/Ul/-^ I I TJWJSnfc 

m^h&s^? h/wfc«£«tt> «me*aj^- x f i 

/P3(cMSft£. imtt»Ui^7hI I IT*ffl&*l 
[00 96] i<OJ:afc:. *JMHfcJ:->T. ¥#<*8a 

[0097] XHEbii. ftTftftPS'S I I £0 

rtS*«l»fcMrc*6. AttWfctt. H7<O7"n-y^0 

#1 Iali, *ftfKB#KJ:o-C*ASn3tWKIIHfll 
«#&£*Wli-&t>< 7 rC*9\ SS2coSf!#I I bii. E 

[ o o 9 8 ] m*>. tt»$&mmzt:h 

H*Lfc. fiTF, *«Wfc**tt*«iU^ab i n i t i 

K [n (r) J -/n (r) ■ V z (r) d< 
/ (I r- r' I) • d r 


[ 0 0 9 9 ] #8BJI#^#B?&Lfc«LV^ 5 a U-x 
3 yw^f*1i^ll3^-t. iHFIWW^ ( MD ) 
t^SmSia (DFT) kt^JftLfefrLV^tffiK 

[0100] @3»C7p-rJ:3tc:, JHFfWj 5 ? (MD) IS 
4J-{i70-f-^- h<OT^*Af>s »SmiW»SS* 
(DFT) W±**SrA»TV%&. ifflfcfc^iSfcWK 

itt*f-Vis*)V*m^h. f^. «JKift88SSc (DFT) 
mtt:. 

[0101] D FTgfrfrT', fflSW^TVME^WSJg^ 

B88R*T$3&HOerA>-ffc) 1TfS&J£n ( r ) WiRRIRE 
[n ( r ) ] 

[0102] HP*?, E [ n ( r ) Hi, TIS^ (120 

1 ) £±9St£iT.&. 

[0103] 

[«1] 

+ -\- J I <2n (r) •!> Cr' ) ) 
d r' + T, [n (r> ] [n (r) 3 


•••(1201) 

*fflJ|llJI*>Vz (r)tttt»^-ny*«rif«)J14i. 202) fcj;i?*3*i4. 

^2JaJi*^ra«0^-n>-ffl5^fflx^=ar-, 3&3JI [0104] 

i±, m^i^je^s^UT, «fl8jfflsffffl^v^ [»2] 

«J«0)I»X*/^-T s ( n ( r ) )T* 0 , TK*S ( 1 

T tn { r) ] ■ E * Cr) C-7 2 )*. Cr)dr -(1202) 

»4W43i3»HWX*;U^-Exc[n (r) K\ *<D [0 105] 

x & . *p «* n < r > «te« i » 3 ] 

(1203) K± O^ESftS. 

n Cr) - S |».(r) T - £ T,' (r) », (r) dr -(120J) 
j-1 j-1 


SBtfmti, st(1201)?)E [n (r) ] 
0tJ3lf>T»6. TK*(2 1) , (2 2) fcijrfKS 
JgS(Kohn-sham equation) ijf 
WC. iffl"fl[E<0/h$V^*>i»N«»ffl-r&. «(12 
1 1 ) Cn ( r ) #A-TO n ( r ) . $ 

[-V* + V Bff ( r ) ] V < r ) 


( r ) , ^aWr-rVx-V^Veff ( r ) £ge*»* 
(self-consistant) WUf& 

[0106] 

=EV(r) -(1211) 


(12) 


*m*F 1 1-1 7 6 9 0 6 


V eff ( r ) = V z (r)+J2n(r')/(|r-r' | ) 
d r' +SE 1C [n(r)]/Jn(r) 

2S(ttfllWx*/l^-Exc [ n ( r ) ] JU9r$£ifi«a 3 ) fcflfc. 
(LDA) X'WFWz t )<?)X.*)V*(—eyK (n) fc« [0 107] 
n £ fcfci 0 . TIW (12 1 [85 3 

E 1C [n (r) ] =$ c, e (n (r)) n (r) dr 


(1212) 


(1213) 


exc ( n ) COJgte. W i g n e rflfi(0^i:\ V^V>6 
»3l»fctt. * ( 1 2 1 1 ) OVz ( r ) fc LT«t<0? 

-xjyt$,$:z?)2.zm<7)X'%<. m<o&mx'<mmt 

K= S XT* (r) (-V 2 ) V, (r) dr+U (b <r) . ( R. ) . < av ) ) 
J-1 1 


8£*s£ iLhZttfX'Ztz. 
[0 1 083 £x*/l^-fc LT . *JW»W;H«fc 

>\>i>lltti>0)t:mr>t:. EPfe. TIEsS ( 1 2 2 1 ) "C* 
&. 

[86] 


MttJftfMttKO. t>r*eL«/«rif> . 5* (122 
1 ) 0£&35 1 JIt±. DFTOS (12 0 1) a^trffl 
cOTs [n(r)]t*9.<(1201) =&2Z«0«9 
1 22 1 ) <0U<01«Tfc*. **>»#tt. DF 
T<0%frfclWfc lfcifiHW)* (12 11) *»^V, ff 

( r ) rasii. wjvz ( r ) im^y^ivx- 

" 1 2 
K- S # / I T, I d r + 21 

i-1 2 1 l-l 


•••(1221) 

[0 10 9] ££-CfiU**;l#fcA*lfc. W*. E£ 

(1 2 2 2) fc5H-fiaW«rifflttx*/Mf-&WA-r 

[0110] 
[87 3 


l l 


■■•(1222) 


a-5t5/5^^r>tt, Ttest < 1 2 23) k^o* 

[0111] 

L = K — E •■• (1223) 

3U 1 222) +<0M x tt. *3*)HFP (^y) <OK 

S*i* (r. t) 0„ (r. t) 

£*ALT, HCTSE* (12 3 1) MB*.*: 
ftt:b&. TiBsS (1 2 3 2) , (1 23 

£ A u C/Tj* (r, t) T k (r. t) 
pQj (r. t) — (dK/dTj* (r, 1 

»n - {6t/i a c) 

3* ( 1 2 2 2 ) OJHftx^U^-Offl«T^»fl5-ri,, 
SH&ff-^ox */Mf-*WrtEMfc J: -a T # S 
iI*tr*H»-CVV&0)£a»6, 21/2 M T R x 2 fcOKTCB 


«t=l6fC«ifc. LT, Tffc* (12 2 

Mai 

dr = S ik - (1224) 

3) , (1 234) tmbtlh. 
[0 1123 
[893 

■Ir-Jjj] -(1231) 

t) ) + S A^T (r. t) -023Z) 
k 

•••(1233) 
-0234) 

[oi niwiifi /*«Mitur T-ot 

£*)■», * ( 1 2 3 1 > O£ffl* f 0{C& 
9* =&2Ztt5$ (12 2 1) t*CDTCD&Mt,ZJ: 0, TIB 


(13) 


mm*! 1-176906 


* ( 3 o > ttchfrh. 0i nwm^mmz^h [0114] 
{A ik > mnMtztizKs?m£ (1235)*$ tftioi 

[V«-V,„(r)]Vj(r)+S* k (r) -(1235) 
o*9DFTTKS2fS«fc«v>fc«fcHfclS**s i ^SftOJtftWi, D FTco*&i:R«{c, SsK^V^ 
mulated anneal ingTHft:tt4 *;UT«Ott«T«)»»tttjllLT*J<it*«*e* 

ynamicalsi mulated anneali kttT'U ATVWWlW**** WK nttWM 

ng(DSA)iWW. ?^tft*. 

[01153^(1231) oa^Sr-tS^. Lt» [0116] 0nkfi, (1241) tjdfcW* 4 

•CRBBUfcRHKSa 0 L [0117] 

•cas ctars *. znwMmnm**ti**^ [«i 1 1 

^S nX (r, t)= [V«-V. lf (r)] 0„ k (r) + A nk 0 nk (r , t) 

- (1241) 

AnM*ffiH < A lk I «fflW*-C* 0 , x*/iv*-HM4T [0118] 
*4. 0nk (r, t) SrSIBStT. TK* < 1 242) [»12] 

^(r, t)-SC M (t) -eip [1 (K + G) r] -(1242) 
6 

mxTyis*foifimmw:bz*j:t>\£ < ci^ma-HR [ o 1 1 9 3 

T. TIBS (1 243) 

V rff <r, t) Z:v c (t) *«ip[lK*r3 -C1243) 
6 

* (1 24 2 >"fcrt (1 24 3) **< 124 1) left [0 120] 
ALT. (1251) tmbtih. [SI 4] 

S T ftl4C (t) -rap [i CK + G) r] 


2£ [-IK+GI 2 *^] C nI+c (t) •expfi (K l-G) r] 


SVjv (t) C aI+G , (t) -erp[i <K' Ht' r] 

-(1251) 

*a<0*flW>WCK = K' + K" b&< I. Sexp [i [0121] 
(K + G) r] tf&&<nmz&Mb%&frt>ni>?* T [»153 
K* ( 1 2 52) 

MT n?It+6 (t)= [ - | K+G I 2 + A nk ] C n , K+G (t> 
-£V G . G ' (t) C n>x+G ' (t) 
= — [ I K + G t 2 +V„(t)-A nx ] C n ,K*G<t) 
-IV 6 . G ' (t) C n , RtG ' (t) 

- (1252) 

Z^X-mmk*. TIBS ( 1 253) fc^fckdfclffi* [ftl 6] 
U 

o> — (( I K + G | 2 + V 0 (t)-A n ,)/,u) 1/2 

- (1253) 

5t ( 1 2 5 1 ) <0£&££#K£*rr£: , TlfiS (12 [0122] 
61) tmktli. I»17] 


(14) 
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C ntKtG (t+At)= 2cos(wA t ) 
— 2 [ 1 — cos ( co A 

[0 12 3);-o^fyy-r;Ht WT0>J:Sfcfc 
ft. HD*>s *»WKis ^a^fy^5:»)»l 

ftlSiftfiT'k 9. Zi . ri It, ^ft-Wi* i J&^COffl 

*fcfiiirc*ft. cwiJtrt^iw^A-oxaiortBBfc 

#ftWfcfcft£k£J:ft. **-C4rV>«<0rtW£R«? 

, N K 

• « -g- 2: 3E' ;e z.z.x (i 


C n , R+G (t) 

t ) ] <£ 6 


-C n , K + G(t-At ) 

V|-«" <t> • C niK+G * (t)> 
•■• (1261) 

^CTftftTiB* (1262) frt>m*m>tz. 

[0125] 
[R18] 

-(1262) 

ftfeflFttt&fe'fft. Ewa 1 dO^iSteffiS. e=°° 

[0126] • sKf-y^^r^tTIE* (127 

1) tcJ:0^t>-r^^tTft 
[ftl 9] 


2 


i-1 j«l D 


n + r J -r 1 


-(1271) 


* ( 1 2 7 1 > £fcwc, N«i#(saa*n<o«tflR. * 

O+OWlKWfflBkWI^rl . Zi T'*0s n« 

hM'»oT, TI2« (1272) $ teWe L 

fc. 

[0 127] 

n^n.Z. + nyZy + rixZ, - (1272) 

k^£ixft, ::C, Zx , Zy . Zz #**V?*lx, 

J l 


K (r) - f S S Z. 

«* j i - i 


y, z^ft^g^^? h;l/T\ nx , ny , nz ti^il 
-Wl (;>VU?t£fttf>%&) ~ oo^ + ftSBTC 
£>ft. Z' CO' (*n=0<91$<S0j - i 8:to<C:k£»* 
-fft^k^ft. 

[0128]: £T*«J»£ttTE* ( 1 2 7 3 ) iz 

^-r»u>Fra»£*A-rft- 

[0129] 
[820] 


[- I n+r.-r \ 2 t Z ] d t J* U ( r. t)dt 


••(1273) 


±E* (1 273) tCinvC, G ( r, t ) titc 
WR-Cfcft. iii«7-Uxa»-C«3K-C*ftik«:A 

h 

G (r. t) -=2jt/ (L,hL v +LJ >3 
X y r i-1 


[ 0 1 3 0 3 G ( r , t ) tt. WlTK ( 1 2 8 1 ) {Z 

fttx o iziffi-r ft <r k mux* . 

[»2l] 


up t- Jr 2 I m J 2 + 2jrii 


(r -r.) ] 


(12W) 


JJE* (12 8 1) fcfcWC , mtemfe^? hfrX'b 
0. TSS ( 1 282) izi 9**>§*lft. 

m=m I • (l/L It 0, 0>+m 7 • 
+ m z • (0, 0, 1/L X ) 

JgRmx , my , mz tt*ft^-ooa>£oofc;bfc£SE 
ltt*ft. m=0mil exp [•••] = ltzfrk. £Z 


[0131] 
[»22] 

(0, 1/L y , 0) 

- (1282) 

ooqtfiffi*.*. *fc*t*>m=0*>*fcPfc<fc. Tie 
3* ( 1 283) k«rft. 
[0 132] 


(15) 


[»23] 

x 

G (r. t) «2*/(L :-L HJ X ZZ'Z./t 
* 7 r j-1 m 1 


•exp [ -* 2 |m l 2 +2* 1m (r-r.) ] 

*wnmm\in#mmiK?m. g ( r . t > 020 10133] 

<D#*ttv>5HtT. TIK (1291) [»24] 

**(r)= f 2*/<L_+L+LJ S X'Z/t* 
11 0 1 y W ■ 

• «p £ -* 2 |ni I-n (r-r.) ] 

f 2/7 * 22 X' Z.*ejcp[-|n + f.-r|t 2 ] 


ii-C*W!B«*»i. tTTIB^ (1292) £ [0134] 

f l l/t 3 -wp [-aVt 2 ] d t = l/Za 2 .«p [-a 2 /K 2 ] 
fl/f* *tu> [-b*t*] d t=1/b »erfcCkb) 

£*lfc:«k9. m><?>7~V>i$Tyi' J vM±. TfEiS [0 13 5] 

< 1 2 9 3 ) KJ: D*bS*l*. 1*2 6 3 

■ 2 
x y r j-l a 3 

•cxp [-* 2 |m I 2 /* 2 ] [2*m (r- r .) ] 


M 

+ 1/2 Z^Z./ I n H r . - r | -crfc (* I n + r . 

j-1 □ 5 


+ 1/2 S Z. 1U (Z,/i r. -r I »«rfc U I r--r 1) 
j-1 


-Z 4 /l r t -r !} 

£' *>*±<0' Wtts n = 0<DB^ j = i£SJK<Ii:2: [0 137] 

[R2 7] 

'[0136] Kt. TlBsC (1301) ifiS&th. 

1/2 2: Z. Urn Z>/% (2/AI«p ( -O dt-1) 
j-1 *W 1 

-1/2 £ Z 2 IU (2/v r »*«P (-a Z S 2 ) ) 
j-1 S-0 

N 2 

J-l 1 

Z<7)i£ (1301) lirt***v\frfc. AWiWff* [0138] 
V\ (1301)11 KfcTIE* ( 1 302) K [»2 8] 

a izyzm-z z t ***** . 


(16) 


Wm*? 1 1-1 7 6 9 0 6 


2: 22 7 * 7, . - co* [2nm C r . — r > J 
i j J 


j-1 1 * j I 1 J 

X » 

+ 22 Z. -sin 12 *m r .] SZ.'iIn [2»oir.] 
j-1 1 1 j-1 J ' 

-> 22 Z . * cos [2 7rmr.] 2 + 22 Z. »sin [5**mr ] 2 
j-1 1 1 i-1 1 

'1/ (L+L+U 22 22' Z\/| L ! 2 -exp f-* 2 I T, I Vu' 
1 7 r J-1 - 3 

. (22 Z. 'cos [SjtL r.] ) 2 + < S2 Z. • sin C2 jtL r.] > 
J-1 1 3 J-1 1 


-U302) 


Tlfi5t (13 1 1 ) - ( 1 3 1 5) lz£*)&&Z*l [»2 9] 

22 22' 22 Z.Z-/I n + r.-r, I 0> (1) + V® + <P <3) 
i=l J-1 n 1 J 

■•-(1311) 

N Jl 

0>U> = i/? 22 22' 22 Z.Z./I n+r.-r | *erfc <* I n + r.-r.|) 
1-1 j-1 n J } 

•••(1312) 

<P (2) «1/2 (L + L +L J 22' 1/1 T, I 2 -«p [-* 2 I L I V* 2 ] 
* y r 1 

• ( (EZ^ [2*L fj) ] ) 2 + ( (EZ.sin [2*Lrj) ] ) h 

•(1313) 


0 (3) *-*//> • EZ. 2 

nfct n = nx • ( Lx , 0, 0) + ny • 
(0, Ly , 0) +nz- (0, 0, Lz ) "C*>9, , 
m(i s m = mx • (1/Lx . 0, 0) + my • (0, 
1/Ly , 0) +mz • (0, 0, 1/Lz ) X'bh. 

^erfcOST^ctoT, <I><2) T'i*£^*S#exp COS^ 


•(1314) 


••■(1315) 

[0140] fflffl^HSt'^^^fCitttf t -3 1 Wfi 
[0141] HRCa^a^HL afflBtfxVS'* 


(17) 


1-176 9 06 


[0142] ±KlBLfcJ; o Iz&WjW.TftWT-y's-v 

M.T ( j ) fc«0flU8fc. 3 fcfclSHOMT ( k ) *>&SS 
Z. ( j ) $->iLTA->-C<-S>5S5m#*>6. dtiSrH^L. 

K. ^*Ott»^k*%^^fiK-5ft«:EI6S:ffl^T 

nkLtz. 

[01433 *mm*>\±^ H6fc**ffl**EHMMJ' 

J>&f!Sffi ; 5r2{*ia^r>-> J r^tt»lcl1BtTti, 

ti. ftHxfrn. SM?*^ ¥3I#LS I w«I8££lfi 

ITU, ■SftUOrvVlfcfcU:. 3 (WW* Aft 

Igfcli. block datafcUT, WLmtzLXtMLtz. *L 

T'nT'SAtfcfMtW:. W*fcfi. cubic s P linej££ 
fflv*. **«L HP*>, rijfc.^ijkk. r jk kCHL 

i-**#*«(fi»rC\ tiCttif then else*fefflV^. 
^WCtT. WSOfctt ( rijfc.c^ijKt. r 3k ) *< 

C0*TO=a^Sr*Jt>ftofc. £ftT, Bta«0ftfr 
4. *W*g«i. K'mitZttUftX'ho-tilzi 

[0 144] ;fit»4J;9i:. the 
n else***fcfflvtf:. *f tt*WC»4, If then else 

coMcovrt. I^WK-pwrtW^rt:. -e<o«S», 1 6 0 
OflScOS i fcfcfcJWSA**?. Jfe*f«*3 0 0 
Kt, JI-SimEcO^Tftl.* 1 . WRfflra^AT 


14, tf>3 5 0«<0^iatBtJt. d*iT»*»*J:^fc. 

[0145] 'Mzft?»D¥fr h «¥W*tt«f* fc-wes 

V^<50*»j fcRILTfclMlfcBWi-*-*. 
[0146] 51$. L s I rn-fe^t^vvCJis $ 

[0147] #$&BH#*i, -tn-e<x<ofF«¥ffi^Ma 
»^s-ffl^T, inafpcoibfcfciattu *ft*ft« 

If, J: <F>&Mm%itm*X : *Z>&~ «E*t=*v^ 
[0148] #W5»»&«. «J»T^»L.fcWftW*S 

♦^W** 5 ** Lfc»*«*ttJaT««19T»*. BP 

fit, Jta-rs^iBjco^w^t-fiJiL, L*>4ac> 7 
->jx^j«Ls H^x^^ h)vmhi><nx-hh. z.ti 
tf^tc^x-hh . 

[0149] mz, s i zmiz. wmtcXTVis^)^ 
izmvx, xwmtft'comzLx, ^<n^T>^^ 
tt\,z$t<foLtzfr*m1r . z\ti\t, -WX'bhtf. s i 

C 3*fSlHi:U-C, iiCa^iWKKOaflWt^W 

[0150] iCTffiV>**T>'>' J r/H4Tersoff £ i 
SttOT'fcl.. (Phys.Rev.Lett.56.632 (1986), Phy 
s.Rev.B37, 6991(1988)). 

[ 0 1 5 1 1 4". TersoffCiiltf . i#@<0S i t»f 
[»30] 

• -1- (V Ij + VjI > HMO 

%m<&MZ'&muz^cr>te. ±ie^ ( oo o 1 > k» 
nr. Vi^vji-e**. «B-rs s i M^coeit*^ 


(18) 


ttBJTl 1-1 76906 


( r „) tt. b*7P*T. f R <«£> J^rMMrT) = -Bex P (-A2r)T-*>&. 

Vij = f c (r u ) [a ii Aexp(-A I r ij )-b i;i Bexp( A,r„JJ 


f (r)=l (rSR-D) 
f C c(r)=1/2 _ 1/2sin[w /2(r-R)/D] JR-D<r<R + D) 

f, 


(r)=0 (rgR+D) 


(0003) 


uttllBM***-^*** 1 - riTt,±l£*vb ... (00 05) 

+ (Zj-Zi)(Zk-Zi) 

Sftt»f . r=3 oa 2A A=3264 . 7ev , B =95.373ev, C-4.83B1. 

A,=3.2394A, A 2 = 1.3258A, A 3 =A 2 , 

£=0.33675. n=22.956. ^=2.0417^^ ^ jt «<^ W K0x**K'*> 

Boflswcttt^* ktt=**. To is V i (ooii)^at/(ooi2) a-cas* 


[0 1 583 ap^>, 
(Sv/Sx.) [*3 9] 


(19) 


ftm* 11-17 6 9 0 6 


+c^v iJ /<?r 1J )(5r lj /^r lj )((?r ij /<?x 1 ) 

+ E(^r lj /^co»^- j|[ )(<?co«tf i . k /dx i ) ) -<0013) 


[0 1593 
[»4 0 3 


+(dV 1J /^r ij )(^C 1J /d r Aj )(a r^xp 

4- ( i . k >(dC08fl X j) 

-(MM) 

F'(x k ) 2~ idW i/ dT t > 

+ (5c*s^ l -^(^ooie ijk /^x k ) ) 

-(0015) 

[0 160] 

= 3f c ( rij )/5 r 4j ■ [Aexp(-A 1 /r ij )-b ij Bexp(- A 2 / r 4 d ) ] + 
f c (rii> [" A i Aexp(-A 1 /r ij ) + A 2 b ii Bexp(-A 2 /r iJ )] 

-Aex P (-A 1 /r id ) [<?f c ( r ij ) /<? r « - A 2 f c ( r u ) ] - 
Bexp(-A 2 /r u ) [o>f c ( r u ) /d r i6 - A 2 f c <r ia ) ] 

•■•(0016) 

^f c (r i j)/^r ij = -7r/4D - cos [tt/2 ■ (r-R)/D] 

(R-D<r<R+D) 
af c (r ij )/5r ij =0 (r^R+D) 

- (0017) 

= -Bfc(r ij )exp-(A2r ij )(-l/2n)(l-f-/3n^ ij ")- 1 / 2nl ^ n ^ij n - 1 
-Bfc(r ij )exp-(A2r ij )b ij (/3 4: ij ) n /[2 U+(«ij)M fij] 

- (0018) 


(20) 


ftBfl¥l 1-176906 


[S42] 


[*4 3 3 


= 3A3 3 £fc(r i K)g(<9ij0exp(A 3 3(r ij -r ik )3)(r u -riJ^^ 

3? ij /5r ik =df c (r ij )/dr ij • g (0 ijk )exp( A3 3 ( r„- r lfc )») 
-3A 3 3 fc(r ik )fc(r ij )(r ij -r ix )2 


(0020) 


5 £ 13 /dcosdij h 


= f c (r ik >expU 3 3 (r ij --r ik ) 3 )dg<£> ijk /dco S 0 1 . jk 
f c (r ik )exp(A3 3 (r i;i -r ik )3)[2c3cos^ i , ll /{d^cos^ ij Ki 1 )^ 


Cc ' rik '" ' ... (0021) 

Sr i3 /3xi= (Xi-Xj) /rij=5rij/3xi 

3r u /5Xi= ( Xi-x k ) /r ik = 5 nj/a x k 


(0022) 
(0023) 


5co S ^ ijk /.?x i =l/(r ij r ik ) • 5P ijk /5 Xi * 


Pij k U/(r ik )5/5x i (l/(r ik )) t 
l/(r ij )5/3x 1 [l/(r ik ))) 
= l/(rijr ik ) • (Xi-x k + Xi-Xj)- 
PiokUx i X j )/(r ik r ij 3) + (x i -x k )/(r ik r ii 3 ) 

= l/(r ik ) Kxj-xpArij)- 
(Xi-x k )/(r ik >cos<9ii} 


(0024) 


3cos<9ij k /3Xi = - l/(rij) ■ {(xj- x„)/( r ik ) 
-(Xi-x^Ar-i^costfii) 

acos<9 ijk /ax k = -l/(r ik ) • |(Xi-xj>/<rij) 
-(x i -x k )/(r ik )cose ij } 

UriSn/n, v, av/n) 

= l/2£m(9r i /at)^-U(r i )+l/2M(3V/5t)^-P E V 
(tfUqj.q* ,)/*qi)-d(«L/»q' j)/dt-0 


(0025) 


•• (0026) 


(0027) 


i8tSLt7r^K22), (32), (42), 
(52) (62), (7 2>«WMEa*ft*t>«' 5 * t 
t>h. tS^fH'- (HP*>, x}f 

(BP*>. ox, sy, oz) , (SP'fe, ex, e 

y . e Z ) , i&jacntt"c-s>*- *fc*H«yBt^*- w 

[016lHKfs SS-OttiTJi: UG±, ftS^? 
r (t) #HJT<*. i8C^U7r'(;l' 
(23) , (33) , (43) , (53) , (63) , 

(73), {Q3)m*^m*tih. x, wm&uur 

d/5A I I I Id: 0, • «R» • KftWIttt 


Vol 62] H9C. iRffl2 ■ S^TcT-n-tX^ 
5^-? (la)) ^A^^-^^^ - ^ 1 

fciivf. 4fc, HI OK. • 3Jtocra* 

^Sj.V-? (08» (10)) <0t>iVk*3<OX* 

[0 16 3]**. 01 o<r>*J)i" yyxit. B8? 

vWO-C fl-THWS'S*!'-* I -S. 


(2 1) 


*#SPP1 1-1 76906 


to 1 64 ] x. *98mk\t. mtm^T-y^'^ 

•fe xBf&oS <b £-^&®Sco-?*uoSS«3l ti£»tL» 
<2>WaO5'-*:'*310*fT*iVO*4*»«>?-*i'* 
(3)SMB : rV>5U!.t>""r«i:-*" Si/Jj^a^ 

[0165] *teft3SK«*Kt S i S« 

[oi66] *wmMim L^*mit¥m&£x o . 

i o i 6 7 1 «*. a«^jt^4*vo 
waiaatmttfc'paw'i^afcU'Ctt, ab i n i t 

a b i n i t i o^fM^^iifcttflWflia^ 


1991^-. A.K.BappefcW.A.Goddard*«"Charge Equilli 
bration for Molecular Dyna»ics Siaulations" t 

aSrfiSKLTV>S. A.R.RappefeKJ:-> 

[0 1 68] RappefeJi. ±1*. a£*f*>X*/Hf-E 

A* AO-CTS-f . 5 -mmc02<Xcr>i% ±X^lh t - 
[1*44] 


^^>-v«a(-^-) m + t qJ ( 


0 Z E 
£Q 2 


•(303D 


Ad 


«^«W*3+tt*«»^ x * ; ^ tt - (3031) 
SHAKOS: ftA L X ft ^ 6 . 
[0169] 

E A (0) =E A0 -(3041) 


[0170] 
[»4 5] 


••(3042) 


••(3048) 


<3 04 2>fc(3 04 l)<oatt4**fc#"?*3' J *' rt ' IP 
C* 1 ) . (3 0 4 3) fc ( 3 0 4 1 )<0^»i*^HH*f3EAt 


[0171] 
[»4 6] 


I P = E A (+1.) -E^ (0) 


••(3044) 


-*-« i c-»-« 4 (0)-(^-) - -f( 


0 Z E 
<?Q 2 


AO 


••(3045) 


(22) 


ftm^ 11-17 6 9 0 6 


<3 0 4 5)3$WEAt-*WvtV^«9tt, S^SrKSO 
tzmz%ttz*>T*>i>. <3044)i:(304 5)C0£Z 


bhb. «JM*tt**Mi:'Sr*. 
[0 172] 
[R47] 


(1 PfEA) =xj 


(3044)i;(3045)c7)fa£k&i:. 


I P-EA=J, 


(3053) 


JAAOSr idempotential t VfJ&Z fc fci" * . Z^*- * 
*fcJ:»K tt5W4fcWSMk^6^^ Hartree-FocklffiO 


114 


AA 


>;t. JAA0JieVm<2 . A#ttT-J> & . (3053) 


<3 0 5 5>**fflV>*fcs «Wx*^-tt(3 0 5 


■(3051) 


[0 173] 
[»4 8] 


■C30M) 


*-R9tmt:-tWSiX^JAAk(3 0 5 3)5$fXI{i£ 
T < 6*>\ i i t'ii( 3 0 5 3 >«T]KW-* . 
[0174] Idenpotential JAAOk M^E^RAOOMffi 

[0 175] 
[»4 9 3 

••■(3054) 

[0 176] (3 0 5 1)<3 0 5 3>**JB^*fc. 
KFf<OX:M^-(3 0 3 1 Hi, »3tC*t&. 
[0 177] 
[»50] 


[0 1783 
[»5 1] 


[0179] 
[«52] 


••(3055) 


••(3056) 


(305T) 


[0 180] 
[&53] 
« X J* 1 ■ 


3cr •■ 


•(3058) 


%{3s¥m<D&ft- (3 0 5 9)K> (N-l) * 0>abfc61S* 


(23) 


ftm 1 ? 1 1-1 7 6 9 0 6 


[0181] 

Xi=X t =— 


X 

2 J 

J 


- (3059) 
o * 


1 Q 


*tot. 


X 

j 

(30 6l)(3062)S-7h , J"^XtS^1'6t. El 

CQ--D 

D r - Q tot. 


[854] 


[0182] 
[»55] 


[0 183] 
[»56] 


(N* j»i) 
(3 0 6 3)S5r)W<t^-'T. * 

\t. *cr)%ffi*m%-mzmz-t1>. (306 1)^2:^ 

0 6 3)^S-15IELTVb'J-y^^.Sr»^» JRlU$-£ 

14.4 

J AB (R AS> 


R 


AB 


nf i 4* (2n) I 


( 3 0 6 SJrttfflv^TK^T^'f fc . 


••(3061) 


(3062) 


••(3063) 


[0 1 843 £«0#ft<0+"CIW*ttttJAB*>*£"r* 
[»57] 


•C3064) 


*>. 

[0 185] 
[R58] 


[»59] 


2ni-l 


2C 


[0186] 
[»60] 


2n + l 
2R. 


••(3068) 


••(3066) 


••(3067) 


A (ilMMB^? (3 0 6 6>*T+*.6ft*S* 

[0 1 87] X*--yv^9^^A»i. 01 6fc:*pL 
g(Na, K. Rb. Cs). X*a?4 h'(C 1 . B 


r, I)kti. *it-Wt«>*«*«lH, QXta-ffc. (3 

.-.Q,=-Q„ -(3068) 
(3 0 6 1)5**^ 
[»6 1] 


(24) 


1-1 7 6906 


■•(3069) 


(3 0 6 9)*fc(3 0 6 8>rt*tt\-#-6fc. 

( Jnn — Jnx — Jxn+ J xx ) Qn = 

J„-J„, -(3072) 

0 0 


[862] 
[R63J 


■- (3071) 


J o +J n- 2, « 


007 3m<wsmtM£\rzhh. tmzuwfrh 

(307 4)3tZm^TK&?*:-X>huMZ-$tb. £ 
[0 1883 

M»»=4.80324QhR,„ -(3074) 

mii&#tm<Mmmx-t>i>. 0074 )^j±Q* { e* 

-*yhcO&&f£tcOitm*h. AO*3iftfcLT0.49 
13#ft£;»VO>S>. £<9A£fflVv&fc(3 0 6 7)5$<fc') 
H«lfug^ z. * { 0 1 7 *>*w>*fc* * 2, . 
[0 1 8 9] ^JSKiajL-ni, Rappe<bte» ft!507C*i: 


-("*) 


•••(3073) 

[0 190] *£^!E^PMI*£MullikenfcPauljngft!j 
<0lHfc±<0«fcJt«T6t-ScL-Cu5rv>. Pauling 

Tt4 . 0 *SvRMi T' . i 0 *>i* Mz 

IS^&tt T"* £ ^fctt L s Mul 1 i ken X'ii , 

[0191] fcr>X. VMZ&mzlX. *.m<7)x(X\tJ 
0HHi:SrW^*-r«.. 
[0192] 
[&64] 


•(3075) 


US* b coitXtfrb , B/hZJfsjSC: ±ot, 
*°„ = 4.528eV 

J% M (0)=13.8904eV - (3076) 

tltz*Mt<r)%MLfrh. *%=4.7174eV 
J«HH(0)=13.4725eV - (3077) 

Z&mLXt&^tlX^k. 

[0193]*fc, tB5WJ5-fS«^ffiSrlft^-r&. 

[0 1 94] * A o, J AS »»±, BJfe*H=, JS^flBS*<S 
J>&v WzttJE-f S SKH^K'tiS v ^ . 
Mil*. Li, C, OOJ*#te«, TISC^LfcJ:?^ 

wuctwrtMiH-rt. i^wnwcttE, (Q) =«> 

[0 19 5] "7 f- U -y 7X< 3 0 6 3)fc*Vvt$*>fc* 
ffiffcs 01 8^02O^U^^OKH^t=*>S 

tSJMtfcllsrfl.. 

[0196] IiLt*^PPe£><0^-?£c7)J>&* R 


t o 1 9 7 ] o o 5 Dtt&m-mi. -t^x<om^ 

***/]•>*<. a^<OH^*^«0»»t^L-ai* : S:V%Cfc 

[0 198]^(0^ (3 0 5 7)^«38t^Rf 

fc. RAB*»3i*10?ry^xha-AJiLt.^#^r 
<I btt:Z><r>X\ 9—'avx.*)V*?—titfb. J %1fiLX&. 

t£->T, JAB=l/RABt — flllcgH. {SS-fe^Sr^T' 
*tfc . (305 1 )3M<%cr>mz3&ZZtih , 

[0 199] 
[»6 5] 


(25) 


WiPFl 1 -1 7 6906 


k \ At) / 2 A, B T"0 2 At B 

A X 10 A */ 2 A, B v-0 2 A, B **ABv 

-=f ( b ao + *a q a) ^^Wfl 

1 Q A Q B 1 Q A Q B 

+ 2Z 2: — A-5 2: -(3081) 

v 2 At B 2 A. B R^ 

a*** .007 8)^s3^ii mzmm+h . i o 2 0 0 i 

2: S SI * * ~ —S E S *-*-e rfc (kR^ 

2 A B v R^ 2 A B v R^ 


2£2Jc 2 A B G |G I V4k z 

2:p 2 "C30BZ) 
A 

H ir r r r 

KIWWIJW*!!^*^^^**. *fc, (3 0 ^ifi^y^)Vx\i^hhb. 

8 2>3frfraw-«tt^=ojaoAFB^ui**-f . 1*6 7 3 


(26) 
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<?E 0 1 


— s 


2 I Z A H w 


1 Q B 

+ S S - — e r f c <*R iBv ) 

2 • v Rj^ 

+ X; 3S 5 — e r f c (kR^ 


2 A ? R 


Aiv 


5 s 2:- 

2Qk Z B € 


I 2 /4k 2 ) 


I G I V4 k 


2 e*P O GRiB> 


+■ = S 

20k' A 6 


Q.exp (- | G 


l 2 /4k 2 ) 2 k 

= = exp (i GR A1 ) - - — Qi 

I G | 2 /4k 2 /V 


1 J 3 " J R iJ » v R i* 

x Q.ezp C- I G | 2 /4k 2 ) 2k 
y S E-J = g exp (iGR u ) - — r Q i 


Ok* j C 


(3091) 


6. 

[020 1] 


(3 0 9 1)^^«;ALT. 
[»68] 


(3092) 


(3093) 


(3 0 9 3)*T***W»0il4*S**W<ri:K'Sr [0202] (3 0 9 3>**>6CQ=-D(0V N U ••/ 

4> ftSfc. ifc*:W*Wl*. 


(27) 


HHmy 1 1-1 7 6 9 0 6 


[0203] 


[»69] 


CQ--D 

«p(-|C|-/«c-) 


Or 


li, JiJ$$^ft£#*L&*^<3 0 94):ft£«Wr 
fcV^fcffeJlLfc. (3 0 9 4)3?Ji«SfQC»tT^« 

[02 04] S*>K. *^#*>»is 9ltWC*fc-9f 


-«p(/(?/^)] 


(3094) 



ftttLfc. Roothem^ti, ?-o>11#JABKIi. t 
l^Wt«ffltfc. (3 10 1)^fS»3^ 
fcfflUT, ^-ny«#U(3 102)ST«t6. 

[02053 

[R7 0] 


p. 1 -ft 2 


(3101) 


(a, a' ,0,0') 
= ( 1+r.) a ( l~r a > a' 


(3102) 


mix) 

( l+r b ) £ ( l-r b ) 0' 
[»72] 


(3103) 


(28) 


im* 1 1-1 7 6 9 0 6 


[^N-(%){»-a-%>^^ , )-i«p.]-" 

(3Sj3*|-(%){l-(l-Ky[^{»-K-^'-3ftc»-WkO 

* ! - IS* - 4% 1 - 30s J« J '* 

- (3104) 

©fc* x (3 10 4)*tt£lT-P*ttS. 


[*kH{»-(»*>|p'^} 

[w> |{»-(» ♦ Hp *{p' ^ *^ *i 

(3111) 

[0208] Rapped r#ffi^#ns«|j*l;:fc& i:<S 

ffij ltv*4**. a^7aif*c»LTW»ai*#ji"*-* 

0^«MT***^V^^iT»BT***. SiOifii 1 
»n#3T*£> ZZtfrh. Si fl«!fa«3sfc:a & fc *r;HK 
Lfc«ftfc. &C**fc^Lfc*^H**fft\ Jt 
«Lfc. n=3JCi3tt6JOJ!Wf*«iBootherncO 

^tw«v\ ^sra**^ sn&fflSLfc. mm. s\ 

[02093 
[»73] 

~ (3118) 


r, X*;l^HiHartree£ffifflLTO&. 
[ 0 2 0 6 3 Roothem£fils,2s,2pC*tf £?-oy« 

[0207] jAB«o«4«artt*fc** <***-t&. * 

Si-O^Si-Si o *&0W<O«{::ooT H^fc . 


02 KiSi-SifSlO^-oyfflS^fflJOltSftST'* 


(29) 


nm*? 1 1-1 7 6 9 0 6 


V>£. @|2 2tOcO«?»36<2st*'3. Si *<2s*> S V^i3s 
tffi^Tii/hCSfiiSn-C L* Si-HO 


/PkLTtt. ls*>S^te2sOXU-?-«iji$:fflv>S^ 
«%t7ibi>W->^. iiitts SUM**)* 1 ?** 

[0210] **ejfr**|]E(=k . *«W#^>ii. r 

D/5A±«at*tt,->fc. (3 0 3 1)5£A>4>. 
[R74] 


el 


C311J) 


(30 57)Jd:Siet4fI?*W [»7 5] 


4ak-~an-aw-a»)-2^*xJai»j8Wi)*^ , a«flb/^ 


C31H> 


II 


[»76J 


+J° 


2fJ 


J° Q 2 


012 D*feia3iH«w»:^aMc»$«j<-T**<ai* 102111 

6. [»773 


■•(3121) 


(30) 


ftmW-l 1-1 76906 


<? i 


' 1 / " 1 1 2 \ 

" 7 (f Q Bi J H1I, + f «Hl J HiBl- 2< »Hl J B1B 1 ) 


II ' -(3122) 


- C3123) 

(3 1 23)mm\\ **ffiiEB#covh'J-y^X(3 0 U 

6 3)fcJOIfc;!nU4*fcfc*. xl*«**£W<OS [&79] 

^fibfifc^k. (3 0 5 9>rtfc(3 12 3)*t«A 


J HtBi- J lBi Q K + ,^ "B.J- J l.p Q i 
3 "Bi 


-(-!t-«!) 


1 


(3120 


(3125) 


[0212] ^fcflC^FBI^-DVsIff-y^/WAHO* [»8 1 ] 

6. **O*£«0 WKttMi. (3 0 


HUB 


***«**<X*J*-&t»i, $*?£:£#>*:&{;:( 3 1 2 6) JfcLfc. 

3e«rfflWCJAH£«QEU S*««f«r*»i. *LT* [ 0 2 1 3 ] ttfftt*ftft«)»Vi£ t . £,^-7 

<0fT!6****>*£, **-C£u?TkAiX#*Tvh >J v [02 1 4 3 (306 1 )5tS\ ttJHTCBlSLfcttffQB 


(31) 


#&8¥ 1 1-1 7 6 9 0 6 


[02 15] [«82] 

n fix N-£ix 


****** 


X^X V (3*i*N) 
„ fix *-fix a *** *~ fi * . „ 

zj+s J^QoH 2: J, c Q c -*I+2£ J^Qj+s J ir Q, 

i » B CHooIlx ' Bflx l * QtonfU 


BfU 


H-fU 

s CJ i<T , ic> V 

CHaafix 


H-fil to 
Ofoafix 


(306 2)3HZ (3131 JsSfcSOM-* L7h'j7^ 

Tlx 


OP _ Of 


Bfix 


[&831 


■•(3131) 


(3130 


OF 


fix 
BfU 


mmmzw.it> ^ct)b# n i=i<^*#*!MBfctfcs$ 

[0216] ISft^l«MHt#te*Ffc 

[02 17J-/V. 1 6Gja*C0DRAM^«fflSiXft 
h BHfcK^N AND EEPROMCOh V*/HJMfc 

jrotv^. EEPROMdfcWCIi, &*#T 

to*. 

[0 2 18] £<0<fc3&#fSM^ Si/Si 0 2 #® 


-(3133) 

s i o 2 cDh7v7mmcomm. Awmnn 

U **BJ^J:3K, *>y hv-7fl»*§h I R^PX^ 

I RX^? i 

[02 1 93 H«ltt*c0«5?fcLTt, 
tzS i -O-S i^«5S<7>^)!IW^^a»L^ 
i -O-S i , O- S i -O«^»0#«**£T# 

[02203 ;:t, *«b«^*%»L^jSCov^T 


(32) 


11-17 6 9 0 6 


0X&t:n.^liiLfc. van Beestft 

ft*:. 

tEfS^-^fc^&frfcKO&fc^. Si-O-SiflW 

&zm^-znt)iX'Z z>#s mms\&ttxu. 

[02 22] *£"C, *^#^>U- A. R. Ra PP 
££T. Xi 0 lifcStf*14JB|-t'*>9, TIB^ (16 5 

2) x-mztii. 

[02 25] 

Xi»= 1/2 ( I P + EA) -"(1652) 

o , Tiaa (16 6 1) X'femznz. 

[0226] 

Jii= I P-EA ••• (1661) 

1 r i-1 i<i 


etW. A. Goddard 1 1 He J; oTttSS&tlT 

"Charge Equillibration fo 
r Molecular Dynamics S i mu 

lation", J. Phys. Chem. , 95, 1 
99 1, P. 3358-336 3X'hh. ^■BPffikb 

CD#^£S i OiMzmmbtc. Rappe^#S« 

[ 0 2 2 3 ] JS^ i 0>«5'J<0«?i?C X SX*/l^-Ei 
(Q) r-5-S^02»:^T'#xT, ( 1 

65 1) 
[02243 
[»84] 


•••(1651) 

iyjk-t. NffltfOH^T'fll^^flS^^X^/^-E 

(qi , qn ) ti, m^w-i-co^iv^-tm.^ 

ffiStfUST*>&. &->X. Tt&t (1 6 6 2) *««4-r 
*>. 

[0227] 
[S8 5] 


• i V EiohX ' Qi) + i"» :E j ,i,QiQj 


•(1662) 


Wi.=F *y->Wit¥XT>i<' J rMt. TiBst (16 6 [0228] 
3)X'S-LhtiZ>. [»8 6] 


;WJt ( 1 6 6 3 ) fc. titf«)*tt. XI — -X [022 9] 

N KftA^fc fc . TIB^ (16 7 1) ififtbtlh . [»8 7 ] 

ttfr-h. TIB^l (1 672) #*»<5>*l*. [»8 8 3 
[0230] 

$ TIB:* (16 7 3) fcjj*-*-£«fcOftfr*#* [023 1 ] 


(33) 


ftWW 1 1-1 7 6 9 0 6 


j iiUmax-h^r , fci^Tte^ < 1 674) t* 
ft. 

14. 4 

at 4 k , QKM-r^Ti^i (16 8 1) t^-ra^ 


d i — « to t 

d i x i *l 


i:£8-rftk, 

CQ d -(1682) 

fcSr*. lft5:-CJiCli = Qi . Cd = d J: * 

fete, s i - o-Hf nif . 

r (t> ) kfc^*^I^*T-**>H»S-. 02 

wait) #*ajs;hft. 

[ 0 2 3 4 ] X, ra-feX^i)»J±!a.n -/ h I tOWC 
(i. -?-<7)2<Jacifl,ffl^rA(7)-^J^, ^^3- 1 6 
4 9 0 4#fciett3ivCH£. 

[02 3 5] 3^7C?)rn-t:Xv-SiW-^Ji. 4-®* 

sra^senii-rft. *-mBk^s*w- ?tf>«5i<?>«HR 

coro-teX$**ft^--y b I fc«9*rUv&{fc£FS?£t» 

v>«WB*ta«rS6ii:«rt>^LTV»S. -&i*tftffi 
#tf07-o-b^^i!)»ffiJ.-'y M 1 0) WU mttt 3& 
Ttrn-fe^j^S jlI'-:? I ct* 1 ). ofcipftSStt^T 
MirS'tftiO'C-ifeft. t<C #?6 B )1#£>a s frL<fl! 
?SL^3<X7C'To-trX^5 juW-^ I c OrtgfcJUTfc: 
te-f. Hj&i2o;&9, if, #«Bjj#fca»«|J6Lfc 

U-?fc<0«tt#TT!ST*ft.rfc. iXfc, r 3&7C 


•(1673) 


[0232] 
[»90] 

•••(1670 


[R9 1] 


-C168U 


t LXmUf, ttWttfl*. J6*5@R, sowa*. Ci 
j, SftfifcO, Ztltitf. SS#:Waffl3»:7c7-n-feX^ 
5*W-?fc€&Sftftt><*>"C*ft. 08T<is (2 
3) , (33) , (4 3), (5 3) . (63) , (7 
3) , (83) T'fcft. PlJttf, BHldW*<OilH&£R 

a. (23) ciejas^n&fctfcab*. (sai^as^* 

WMiiim-tb. X, .rft^ftBitt&SL fit 
Cij, Wi, £K3St*&mffl3&ytrn**x 

ft^T-ft* £ Titc^ 3 »5c<0|fi*«r5v^^»'f & i k 
[023 6] S)lffl3y:7cro-t^.v-5aU-^ (10) 

OMDBWBlRfiOltJr.*, ( 2) * ( 3 ) T, f?V\ - 
?>I*S5:, 7r^y (2 2) ^r^l- (3 2) 

»i. SlXaffl^SiW-^ (10) fcRU .mfc** 1 / 

ittif**. ft-JMMSSkLTtt, «itfAft»»M 
■C, 7'Q-feX3StWMlJ--y hT*Afe*ftS*KS»* 

ISSS:^, SS^a^W^mSrl.ftiktTg'ft. 
[0237] ^jftiJB<oiafflrn-feXv'5Ai'-^»^ 


(34) 


Wm*? 1 1-1 7 6 9 0 6 


f(kb LTliS S a«*^StS^t^|SJS i Sr»-oTV^ 

4*v&xmt%>ft (4) -rtt. &A*«fc 
*v>. s^uim k ■ »r • fcmnm < 7 > x* 

t>. S ig«*o2te^kf&?|S!S i 

[0 2 38] fc££"C, 0805*Ote (8) 
fe . * UWift .LSI HB^fKLST-, Kfc • tttt • 

xgawm^- y KIO) fcfct ^S^BUJlt^ft^tt 

(f65$ (1130)«(1131)tf)PBl^PB2f 
tf-WVCfc*. S i O 2K*WBtfWJcO&»^ 

5r£»i. ( 1 5 3 1 ) eov Kb'tfZtiX 

[02 39] L*>U LS IUIWBC0«fr»i, i^rttf 

-9mm->x^bt\mh%^. tztta. saia 

VStmiXK^IgfcfflWt, PbTi0 3 £^l£f 

ft*^«r#i*. w^^mmru^x^s.^-^x 

14, £<{4£*fP bT i 0 3 J&*T'W&*<O^I*!}*!|COj£ 
( 8 ) coxmizA 0 . f <'£ i> (84) fc^-ttttc, 

( 8 3 ) *> d ti hTm&.'g&.tf 7 r 4 >V&0M\ S ix 

[0240] ii-C, Ba9fe«flLT. 
BBUrWJlfcfTS. ££Ttt, »fcI«HJ l J.tW*. 

l, ifrbmz, mtzm^Ab. 

[024 1 ] zcowHtxmTii. mm, imam/r 

^iXO^ISJESrcytemp, ^ryxfctox, cftoxS? 

a. miLUwr&mrz^btm&z ix^bbvx- 

hbiiK BM»4jOtWC»<fc J: 3 =5: t VXh b . 
[0 24 2] fetitf s ( 2 ) WBMfc • 


Tenp**«A*?ttS. *LT, MftJftJttl-**. HI* 
fcJ6att*fc*K>Mi*. (2 1)*J8WC S 

*ft • £M+» fcfH . -CT'Iifl pox^» d teiptf 7J] 
UT . *KMfrt>ViSetoi:*l+i. < WW* fc OT* 
■5. 

[0243] in^^mwaiHi. Guar, bhubwjs 

1Sj*t>fl-*S*i.£. J:fU4\ Jfcfifc 

lz Pox=Pox+ opox-^. Temp= Teip+ a te«p^«0S? 
^i:ov>n, K-fbffi^^M^. KfbffiJi: S i co#ffi 
co^tt^. Sfejctt, 'PIHMldWItS/i.*. *l.T» 
>I^^* { . -fi> ; fc'J^7tii7T'f;K22) Cfc<i5 

(t) *qwisn*. 

[0244 ] HI 0J4, El9t|SI«OffSia^LTV^ 

; ^ ximimfrtonB&izm-tb t cot-* & . 

[0245] tZ?>X\ Z\Z ■C*«WT0«BflS4McH 
r*KWtff->Tfc< . 01 1C, **lt«CJ:62« 
*tf0-S^*-r. CliT'«»MtISC«BLJt2»*S: 
mLX^b. 0+fct>EtJtJ:3fc, ^iT'tii-T. in 
-aitu*H^*»feaft8*i6Si02iWfc, ItJW*^^ 

»$n*s i02«w«:ttis-r*. *l-c. sy?* 4 ^ 

mmizW.£'>X^bBit:W.D±tfmiiilX^b. Zo-t 
bt. <Xw^«&fc LT. inlitut~^*^jSf+Six& 
1 Ftx^? h;^-Tk , ft** 1 ^^?^* 1 R#- 
7bZim~rb. -f-LT. 0tC^tfc«C i-f. x^ 

-enX's 0 9 KiEtt t ^T--;P»»«:«iE Lt . 
08co ( 2 ) tc:A^?n&. ffl^-. hyP5rJrb« 

■evwSrvtft^Ctt. IflE^tekLT. Jpj*»llrt?a: 

[0246] 08tWLT, Wfe-r-^OgSix^rixT' 
#*»ofctJB3. T14, t>3^-L, 08<oai^(cKlUT 
t»tfcv>. BP^. H^emJi, -fi. 7T-OM3) 

T-?bLX*:-9&LX»b*bmtX'Zbmz%:^ 

x^b. 

[0247] *?mme>c?> i A(4> jam. ro-t 


(35) 


ftm*?- 1 1-1 7 6 9 0 6 


ASr«J5l/0>*. BP*>> WBBH86 3-1 74 3 3 1^- 
&£V¥M¥3- 1 64 9 0 4*"?**. .TJlfettit* 

[0 248] WBW6 3-1 74 3 3 l-»*5J:tfl*IBT 
3-1 64904 -^tcgrf ^ 3 >i/XfA^ 

B2 5-H49*«iLTiWW*. ^*LfeW 

*. «itf. Brtk. -f^y&A. y v^^oies 

T) . ¥*B«B < t ) fc-ecOff^^O* ( & t ) . ¥ 
^S* (P) fc*Off®A5o& <£P) , JEfc^Mr? 
X^-^S (L) t-f-coflPSA^o* <*L> , ¥*»K- 

x* (D) Hwftfr^o* ($d> 

F (C wl (T) . T) =B (C k CT) > 

(1072) <?&2mz&%k't'hi><?)X'hh. 

[02 53] 

5C/5t-(C ktl -C k )/t - (1072) 

jEftTD*X«0%&UL IWe<«aW«Btn+l *g£T' 
^jfi^CMU tl, t2 f tntl 2T'WB#ft?£ 
*a&TfT<. ZZX't**tl?tlCO#fflL tl , t2 , 
r cc wl (f) . (T) • jc k+1 


[0249] 7n«y^l/-^(:(l i25C^t 
^y;^^y(w*iB3C» (deviation) SrfHt 

ft<m$:mmLx^h. 
C0250] ^ o«#fmfc^ \*xm=fmtt h . 
imxatz&n&itK^tzwximtik* fitttx 

msmfflM&mwkiKt ix. f i ck^2 

X\ H^tffllSrjE^^'U-feX (Normal pro 
cess) t~fh + 

[02 5 1 1 imfflfcWtJffiftte. TSE* (007 1 ) 

[0252] 
[»92] 

-0«n> 

[0254 3 Jfcfc* ^Kjrn-tX (Process d 
e v i a t e d ) fcOV^TKBW"*. £ ^TfcHUHUE 

fcO, «fflktefctt*a«<^L«tf CK WoT^ 
B«Hk+lO*fr03g#ffCk+l 14, TE* ( 1 0 
81) fci«J«8*l6, 

[0255] 

[R93J 


gF (C k+r CT) 


■(1081) 


D, 0, N, C*£«#l/CiJ&. £ftfcfcJH*vCF' 

?mmco-Mzm26(,z7jk^, tmvm<ommz^ m 

<^ni = ni ( 1 . 5/T+0. 6 

$fc£>iB;*;J8^ (Oxidation Enhanced 
Diffusion Effect) OXftfctt LT 
t>#*Lfc. «MfcXB^i««W3IflE«R ( L i ne 
ar rate constant) &tfJMMIBHfc5S 
JSSSdR (paraboric rate consta 


TldS (1082) (ciKtf-J;5te*r*. 
[0256] 
[«94] 

05/kT*) dT ■■• (1082) 

nt) i>%ikrhcr>X'ZtLh*mLtz. Ztlbim^X 

few tmttth. 

[0257] zzx\ &hmmw%m£iam£m± 

A^^tlTV^. jEWrn-fe^T'ii, 30ONewto 


(36) 


ftm 5 ? 1 1-1 7 6 9 0 6 


n 1 oopX'W3iLT\ f > >&<lttfhfrh. <I<0JRJfci$ 
WD, ij>, N%t*m^X9clZ7KLt&ftmiF' SrffrS; 
U ftmZKZVt'&th. m27lz9r^£olZ. #50 

[0 2 58] 02 8. 02 9, 03O&, *gftcO 
ff££^i\ 02 8ii, jE«rn-teXfc 1 0 0 0*€ 

0%&T132 8$rit^H'KL^t^r*)^o fi!d>\ HI 

[0259] «r*l£?)0^A>, 03O<O«S=02 8<oe 
T03OOffi£:rD>ybLT^6k> 03 1 {z^Xo 

( i ) N-we 1 l^tS^M^y&A. 00 P-w 
el lSS^^yaA. (iii)LOCOSX?I<0£ 
a6$9S i 3 N,<9^?-->'7\ (iv) LOCOSI8, 

(v) n+ --f^y&A. (iv) P+ 4 *y&As (vii) 
T^-Jl^XS* ru*XcoJS<o£'£#;t£> 

[026 1] &MBB6 3-1 7433 1 ^fc itmiBT 
3-1 64904 SC#<0JBRk mrCMfr*** 

^^-^CO^Dffi^C (Center) , JEKSEtiLrt: 
ffi£U (Upper). *LTAfc^Lfc«L (L 
ower) fc*-?lt. **I*><0J&&£. ^5863-1 
7 4 3 3 1 ^fc J: - 16 4 9 0 4#*»fe. 0 

[0 2 6 2] X«afc£fcfc#;cfc*&* 
(i. UU^LL*^<0M»tfTt*«**.tt, CU. U 
C, CC, LC, CLC0 5«Oa^*>*^#i^>n 

6 3-17433 l**Jj:lfl«FP3- 1649 04* 


ft. 

[02633 ^W^XfAO«»St*$«»xyy> 

teftcxs^v^emtTv^. M f" »tt 

[0 264] Z0)t*m^*ttmm±. mt-itft-x 
<xn.7v*xmtfflT^AT^zmftixft^ti&hco 

X'bh. "9C & ,t= f-" ±«^fcBfc*W4* 03 3 

ft**. yy^97-fXSK:ov^Tfcffd. yv/^^ 
xar<o*9>^y*is i o 2 jko^co«xi/. 
owxu^rtricffii-r ft. 

[026 5] Jtlftxy^yklli. Common Li s 

i st ) comm. w&fmizmLx^hzt* stte 

l/CV>ft. 

[0266] 3-1 74 33 1 J: tfltlSH 1 

3-164 9 0 4f(:^tvU^ yaV^f^ 
J:4fc, #xa(Ci3(t4IE*RaftJt<0JR*«K0^lO 

«»5-ftffLTfc#, n.^z.ti£m^x-<k$zftftm: 

ix£>tf)m*S&lft£ *>#*Tft CltCJ:^ tt#<ottl/ 

i o om**x'&sb»ft*wmx'Z&±o iztofz. 

£fz. /ii:i.tfCommon L i s pUJ: ftlftlfrxy 

[0267] WMB63-1 74 33 it/WRH 1 
3-1 64904*Tii, 3&WSatfrS*«i, 

t^UTTia^ dill) {ZTTk-tXobziXX^h. 

[0268] 
[»95] 


(37) 


nm^l 1-176906 


0 


<D ) + (1> > * 

d* 0x 9% 


L 


(DN ) + 

x *x d 


(DN ) ~ 


#tth*asfc*»«^*t;tett«i»r*o. Tie*; ( i 


T)«D 4 


1 f*£ 


• FEhD ft 


co&mmften. tib^ (iii3) x-miztiz. 

[0270] 


Di = BB • eip (-BA/kT) 


(1113) 


F E - 1 + ' 


l V c a' 


iV c i lt4n i 

*fcnttl/2((C, -C A ) + (C D ~C A ) 2 + 4 
n . = 3. 87X1 0 16 xT»- 6 

[0272] EftfUMJBtKti* »%ttKfbl««IKR 

(1123). (1124) «k d £«SLfc, 
[02 73] 

R1=PB3- CIP (PBl/kT) - (1123) 
R2 = PB4- MP (PB2/kT) - (1124) 

IBfct. r^kU, TB* (1125) fc^-fW 

" (C J) -C A > Z +4n i 3S 

ne^: (ii32) 

[02 77] 


-ail© 

112) KJO^^fctfii}**. 

[0269] 

[»96] 

.-(1112) 

BA ( 1 1 21 ) 
[027 1] 
[«97] 

.-(1121) 

[R98] 

x elp (-0. 6 0 5/kT) 

- (1122) 

[02743 

Z, *A/2 ■ [1+4B (t + r) /A 2-1] 

- (1125) 

[02753 £ni =ni • ( 1 . 5/T+O. 60 5 
/kT2 ) dTt LTnWSBMi. Tlfi^ (113 1) 

[0276 ] 
[«993 

1/2 • 8b, • $ Hi 


5T 


••(1131) 


[8100] 


(38) 
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^- C2 n CC.-cp'^ 


- 1) 


( + £ 91 


**»«*5Hi. T1W(1 133) . (1 134) 


Rl • PB 1 

rz^ — * T 


[0278] 
W1011 


<ms> 


B = R 1 
14 1) 


R2-PB2 
5T 

A=R1/R2(:»^W^ TB* (1 
(1142) fcTfct 

B • PB1 

*B — T"* T 

XT * 


[0279] 
[R1021 


(1130 


(1141) 


XT* 


(PB2-PBO <5T 


... CHAD 


*l/C . t + rOWHl TfS^ ( 1 1 4 3 ) ^ fc 


[02801 
[»103] 


B B B x 

2Z.+A _ Z t /A Z, pBl \ 5T 


[0281] *ZX-*m&&^ WC«W**fc. * 

[0282] bp*,, lti-s-caas**.*^ 

tt . *WWIimWM» I 


... (114S) 

[ 0 2 8 3 ] X, BWWI 1 2fci Gtt. 
6. 


(39) 
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10 2 84] imbju 3ic±o-cti^sn«»<7) 

li, S i ¥#flc*ttASftk£« «#SdmMM I S£? 

fMRfc-Str&KJHvC *0>i60)**aM$tt£*3l-t4a 
b i n i t i o^U^^atftt-S-f ivfcfHBWCk l 

n^^sxts <r t zumt-i-ivmrns i m i 
s ^^s^ss^a "c* 4 . 

[0285]®:. »*JS14fcJ:->T««aix4*> 
(i. S i ^mWMHSJHMLht. «^S&mSM I S*f 

SWtftAkU L*>t>. BE*»fWHKi:»»iSflSM«« 

b i n i t i o^^h^mmzm-r^rcnmrnb t 

*< ii&flMMrFT'ft'M-S' 4 J: 3 CfliJifi#£flft5§#E 
^KSrKtfi"^ fc k fc fc, ^c0#^ft^fS«(*RWi8* 

[0286] Kt- »*JB1 5tJ:->Tll«Sn*« 

»i s i iNW*nw&a»tUitw, «w»*^m i 
*»aw-*fc*fcO. km i s*?oy-hfc»Brtb« 

***Akl. UW».IMHWt^fc 8*1**511** 
f«K£#tf*fc;J*vvt. JE-<o*<o«*»tt**S't*a 

b i n i t i ottmawKfca-r^fctOTWRfc u 
uwfw t saw * k k *> ^ »te»* 
&«4i*Mi£s i m i s^*^<o«ftfr8?t**. 

[0287] HTfcitlfe«0«3M:*l««rfe^t. 
[02 88] ££?UU #ISA5iif8*tt8Sk Ur, <fl*. 
Witf ( 1 0 0 ) ffifc Lfc. deoWKHIiWitf*** 

itfcFcc«ia»cuttftv». -ssgfrras 

( i o 0 ) ffik £ £<0J:3fctSflfcW»K*fcBHtt-ixtf 

«o#T -CfcfcfHMWk Ut*«04x*/^«rW'J±H t 
t*»t. £*>*fcbTtt. Si/PZT#iB?rJR9 
±H%. *W^W4KW*fWP«k LT«x**^f 

(10 0) (mwtom&xyn&^bntf&Mx-hh 

*0B<Oalttka2#<O*ffl*><Ma*, Si (10 


o ) i±« [no] wrm^ia*. i^c*** 

^ SlSitS3SifiaS-Si (100)ffi±<OS 
i c-HRS 4 i k ifiWmmvh 4 £ fc fcAv U: . 
iJt^wB*, pzT+tiio. oi%feirt«ii«^»* i 

tWWHTC* * Clkt HWMcS* L fc £ OfcCfm Lfc 
[0289] EI3 4lC#V%'r»«ICStB^S. 034a 

T^UPZTfficO^^»/f-"CJb*. £fc, 03 4c 
ti. [1 1 0] S iUtoizMVX. *<xr7X*i4 hSrtt 
^£MH=K**«4<0s^fc&^k*J*'--TV*4. 

[ 1 1 0 ] Si C¥tfC J Sr**C«, ^n:/**M b«0 
C»toWI< ****** • vl3-t«»£ktc±-7-Cs *JW 
#fc«tt*C.MU*. b fc S i £t£ 

^x*;^#«S4»»=l 0%ftT-t6£kStAv^ 

u* znix-mz, gmm^nftm*:**-. pzt 
+ko. o i%iart*-cTWixur. ^nufr*' 3 ^ 

[0290] ; d-t-ttWTS-rtffiX^U^OPJBHiWT 

T*>4. *Wt*ilk«Kk*«»*i-**Wfc»^i-* 
,r*ieJ;9 ^ffi^ficO^Srftb^^ik^^. £ 

A>(0XP6^l ! F^«H*^ il ' 3 ' r:,,,: '*' t,o " t: '* > ' i> ' 
[0 29 1 ] *WPlfcJ;-9Tffl*Lfc. MI s^ttktt 

» 1 / 1 0 CftT UTV^C fc * { ^4 . 

J:4MI S*P«W»*iR-«ff«8lTTlMrr6k 

[0292] ^BM^i^*^*K^^*i L ' v ' !WRI ^ S: 
WHf 6 fc** t S KB L < Uta^f 4.035 
*«*WWt**«fWUfc. ^<»rtV^K®ab i n i t 
i o /^f«7J^ ^i^V-^ W»JS0t'J> h . 03 6 
C0±¥#li. ab i n i t i o03B#T\ T^'i^H 1 

ntmtfta&%**> ff > i > % * } K L * 1 ' 0 3 7 * 1 - ** H -B* 

afermwrwat^-k*^*^. 
^-^ h«oai«0rj>4. 0+<o^sv^ttK**T5t> 

/jNSv^ti, Pb*5pL-CV>4. Ci-CZWIi^a^ 
h£0k<7)ffik S i ^fc'c9W> { *5 ^ 


(40) 
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t 

[02 93] i^- ±E<0* : Hb**5'5aV'-^<W 
j*fx-y*fcLT\ BfifcKfcSBU 
fls**3i*>fc. W*>» li^M^SiKT^K** 1 ?^ 
fiBMSi'fe. 0-Si-O^Si-O-SicO, D7^Vt-m 

iftfcMMH:*****-*- * 

440c«- 1 k 1100cm- 1 fc*t U 490cb- 1 Rtf 

fci<-*^Tv>&£fc##*->fc. .... 

[02 94 1 £flfe«*«l*fc*>'*'*»**** ** 

To 2 9 5 ] tWtett^telMW^v^^Bt^ 
tT**. IWCttS lSttHK. 

[0296] ♦±?fc*^tt^ *LV\ <4SB8<*£ 

S*»4^k*W^fc. ★as**-**** 
'i 0297 i * fc . OToi a curare* 

SSL. HHkLT. IIRWHWWML attWUi^ 
[0 2 98] BTfc. *WWWHWtfc : 

o-oisk si-siw>3«w*f^ 


oia s j _ s i ra^totalcotf-r ^ *iWi3KBM4t" 
£*4»L<* 3»fc fcE«r<0«Ki * 

*5^*;Hi3I< *T*HI< wx-fr^ws £fc*re* 

[0299] JBW=EW*fc3fc 9***!***^ 
[0300] mwihu l+Wlffl*»= 

M9'5r* l fefc. •SU*a«>a*» i n i t i ott^iW] 
i * . * t V •» fcKT* & . HTfc* 

[0 30 1] zzvitsio l im&'>x^ztf. ffi 
*>t,*>fcowtU\ mesa**)******!****"" 

[0302] Ltzm t ^v-^ 

[03031036 t=**»l=, (MD ) n5 

(DPT) tiii^t AtoTv^. 4HHfc*J*fc»±*K 

tf^f yi-Wl*JBV*&. »KiAM* (DFT) 
12 >hS * - k C L£ . 

[03043 **«J»*t= <0tW#« 
StSBifcSikOtffltekOlftflUW. DFTJ 

te 


[JS104] 


(4 1 ) 


ftBHTl 1-1 7 6906 


9 1*105] 

i«l 1-1 


• (2062) 


(20S3) 


l?l * 4] iJ(Sft j„ atEWKItSC CZ061) ©BtuCr )]©*»* 0 i K S 

^-^(Kohn-Shan equation) I* 1 0 7 1 

... (2085) 

W5 3 **^r, M«E©**v.*»&NfW«1-*. J: C2 0 6 5) 1= KrWA 

n(rX 
V «K (r> * 

5r§e^}t*( S elf-consistant) ICtffrfcWW**** [030 6 ] 

^ l„Wr)lfc MMMOIBtlWSfc»»** 

,Mf-e ie <n>C*W*n*J»tT*#l^ 1*108] ^ 

at e lf (n)«|BIII«wt«ft^ V1 * V, * > W71 

R-S /♦ *Cr)(-r»)* i (r)- ♦ UUCr). «,>•<« *» 
i-1 

[ ^ 81 = ciMR I )ttf l«r) Of* 

e *fc') . * (207 1 ) *»**«* 1*I*D FT [ft9] 

««^ 065 >* ,fe * i>T , 6l(r)lw ,« (l ,„)«.W«(IOTl).».»i 
(2065)*^Veff lr)W ^„„ Vl(r)W?! ^ t *t|l.*T«J. 


(42) 


fJ0B¥ 1 1-1 7 6 9 0 6 


N 

i-1 


lm i P/iV ,,+ J 1 7"i*i l , 4 , T'»'' 


(2072) 


[»1 12] 


L = K — E -(2073) 

ft (207 3) +wM I u*a<oK^ M*y) 

/# 1 *<r.t>* I (r.t)d -S u 

£i*AbT, LIE 

S A lk [/# *(r.t>* k (r.Od * ik 1 

£1fattzl>CDCO%ftitZ. [«H3] 
„*,(«•.«.- C*E/«#,*(r.O) +SA ik * k (r.t) 


[»i in 

••• (207O 


$C ( 2 0 7 3 ) c0jIS!)X^^ d r-cO?aKT*WJB-r&. 

CV2-V ef{ (r>l# l (r) i £# k (r) 


(20(5) 

- (2Q7S) 

- (2071) 

- (2078) 


[0308] J" MjfcfCWaWfeT-Ot 

HSfcftS . (2076) WSfflASOHi 0 . 

53Jiit ( 2 0 7 1 ) k *^T«a*fc i 0 
[81143 

- (2079) 


IMt»*lTKS*8« (2064) fctt*. oiODF 
TT*KS;frgS£J*><vfc0>kBI&tt*S:si«jlated anne 

S'jloTV'&A^, dynanical simulatedanneal ing(DS 
[0309] ft (2076) OWftS-fS^ &"f L*> 

(,.t>- [V2-V eff (r)]* ak (r)+A nk<lni (r,t) 


{A ik } frWMWW*0i<OW»»*t* B kklB"*". 

[03 10] « nk fi 
[Rl 15] 


r>. X^df-*{4ffcS. *„ k (n t)*SBHUT 


[«1 16] 


* n]t (r,t)-S C B l4G (t)«xp[i(k Ki)-r) 


(2001) 


(2082) 


M*:3*v9:») W3»^^^-v^v.«tWlltr [Rl 17] 

V eII (r.t)-£ V G (t)exp[lG • □■] - (2088) 

* (2075) k5$ (2076) (20 74) fctt [ft 118] 

ALT 


(43) 
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or , 

•IMk + GI U al ]C D,I+G (t)wli(k + G)r] 
-£IV G • Ct)C R l+G (t)exp[i(k' ' +■ ' +r) ] 


(2084) 


■ I v G . G .(t)c BiItF (t) 

w - «|k + G I^V^CO-l^/n) 1/2 
*)E*U it (2 0 8 5) OSia*iS#fctefc-**£ 


(2085) 


(2086) 


(208Y) 


fflttAMTfc 0 . z i . i * i ft^coftVtftWX' 

H II 

a>- s z' x z,z.,/ ( I +i 
i-i J-l J 


[03 123 
[»1 20] 

2 

- (2091) 

WUzW*^. SflWfttWf*. ;:<O»aTfc«*0> 

[03133 • ^-r^^-v/uS: 

[f*121] 


(2092) 


103 141 x co'tin=oC0B#c0j=iSrl^<-tS:«l*-r&t> 

[Rl 22] D ° " 

k^S*U>. ZZHZ. n„ n y , n^-WPrXx, 


[03 15] ii'CfrUv^FBWSrWAt'C. 


(44) 
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[8123] 

oo R 


Cr)-/2/V-£ v.Z.expMn + rj-rl 2 ^ /G(r.tMl 
0 i«l » 


(2W4) 


1 o 3 1 6? 1 2 4 1 

... (2095) 

-. x o/i I .o.o^./o.i/v 0 > + -» (0 - 0 - 1/L i ) ' (20965 

CStl25] X t . . 

G<r,tH»/ W l ! ) )Ii n i AW. ! l l 2 «*i <""V ] 

... (2097) 

0 * 3*1 ■ 

7 lit* I 2'Z,«pM rir f r I Ait 

1 i-1 ■ 

/ l/t 3 expt-« 2 /Adt-l/2. 2 exp[-a 2 /k 2 l ^ wn> 

0 


/ J/< jreipt-bVwt-l/bwfcCkb) w (2m) 


( 45) ftm^l 1-176906 


+L > X t'ZJ\ l 2 cxp[-* 2 l I 2 /x 2 ]co»t2T (r-r,)] 
x 7 x j-1 - J 

I 

+1/2 I E'Z.Z,/ I +r r r ! erJxU I lr -r I ) 
j-l ' J 

N 

+1/2 £ Z, 1U {ZJ |r f rl exfc(* l^rl) 2/ I ir^r I ) 
i-1 1 


[*H 7 3 

[»1 281 


1/2 r I, 1UZ,/* <2//*V«p( t 2 )dt-l) 
i-1 1 »-0 l 

N 09 * 2 

1/2 X Z 2 Urn cupC-c V)) -«//* *X Zj 

W - (2105) 


IS 2,2.cos[2* r(r j-r,)] 
i j 

I I * ' 

i»l 1 1 j-1 1 3 i-1 3*1 

= (X Z.co^ffm.D 2 + C>! Z->tnt2»m.3) 2 

M ^ (2106) 

l/a+L+Lj 2 S'2,/1 iW-r 2 ! I 2 /* 2 ] 
1 ^ 2 j 1 ■ 

( £ Z.cosfe* r J) 2 + (X Z.aiatt* rj]) 2 
* i 1 i«l 

11 - (2111) 


(46) 
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5-1 1-1 J * J 


(2112) 


♦ "1/2 £ £' >:Z,Z 4 /1 tir .-r I erfcU 1 


I) 

• (2113) 


C CZC^H* r A )]) 2 + (JEZjiioK* r^]) 2 ) 


(2114) 
(2115) 

(2116) 


1*1 8] 


■eL3W»t*V^)C«UT. 0(1) TliS^^er 
fc^S^H^T. * (2) TttScOfl^expO&f^ 

cq« * tin 4 

0 0 


[03191 #»««*3WBRL^ia»foaw*H4 o fc 

[0 3 20 3 *<0HW6ffWtt^ 
[R131] 

cos 0 lin S 0 
0 1 0 
-•in* 0 cos 9 


eos*cc*e cos*slo8 
■ilD^coiS cos* -sin^slnfl 
-Bi»0 0 ">sfl 


JITsoffiBli. *5g^0K*"^ (109* 
28 ' . *) . (1W 28 ' . 0+120' ) , (109 * 28 ' . V-+240 


(21U) 


(206 1 ) t> cos(9— 1/3, sir>6>=2/"(2)/3, *b"C 

^fc^-tlW*, 0+120' < ^ +240 * fc^* t 
(0.0.r)fc:^ffl?ii-Cs 
[SI 32] 


(47) 


ftBSTFl 1-1 7 6906 


' 2^(2)/3co« 
-1/3 


2V"(2)/3cos(*U20) 
1/3 


2^(2)/3co«(*+240) 
r -2/(2)/3sin(^+240) 
-1/3 

». (2121) 


ftZlZ~tZ>lZ\±. S(206 1)^)R(^ 

0 


[^133] 


2<( (2>/3co«(tf) 
xR(*, e) -2t r (2)/3«in((*) 
-1/3 


C2122) 


' 2<^(2>/3cos(*ll20) , 


-2/(2)/3«Id(*U20) 


-1/3 



k&fc. JWiWg^rtWlfflOS iJI ; fc7)(x,y,z)Jl££>''* 
7*;?l,b,cT«Sl\ 04OkHa£-t6k. 2a*lJ 

[0321] 

I ( 0, 0, 0) 

II ( a, b, c) 
Ill(a-b,a+b, 2c) 

IV ( -b, a, 3c) 

V ( 0, 0, 4c) 

coi 9 * s i M.twmmnzftb .sisi 

^■^BlMK^tx.y. (2061)** 
C0**ffi^tfj:<, ^2, 353. S i fl^BB^ 

R(0, 90* >tf>IUiK k( a. b, c)WW^iS 
R(0.180° XOHIfc k(a-b,a+b, 2c)WW¥S 
R(0,270' )W®fi k(-b, a, 3c)cOTtr^tt 

[0322] *<0f6K. I IllklH2. II HHkIV2. I 

ii mtn<r>m^ix^ixn-^WSmi-x-hbi)K - 
ix£>(4 (^*o;k*:*#) ikffitRH&aSr-'l-x.S. & 
m? Ilk H4(±, flttfiK 1 JBX8tt2aA:,t-f ixT v * 
i. 

10 3 2 3] z<omzm<^x s tz±x-. z wz>mTu 


2V(2)/3eo«(*mi» 
-2V(Z5/3mdC#+Z40) 
-1/3 


WtiB^*:. BP^ 1*1*1*3 20 Ofl&OSi k32 
0 OIWT i SrfflSU .lixKOfll*^ 1 0 QWr>WM 

m&zm^x x-rz . m^a pzt wz®mxm<tt? 

#J«SftS* WIWI W« * * ^ | £ tfj-f - k * { tt* £ - k 
[0324] *WB#fc * *WW**WW>«* 
zo% p z TCOI? W^H'^^- flliSkffi!^ 
(g^U/<.7Wft)tTfflV>TV^*}&fll&k LXIi> (DP 

(2)PTO^tW. 0.3***. 
fcfc», (3)mrt£(2)tce!*X»Sr . c*te* 
l«WlfcfctO(H3 7) > (4)*B<2)*;:K*M«*» 
a o £SS#fc 1 mMltz t» (0 (04 3) . (5)P 
TO<OT*Zrfc«**^t»<O^C*>&. 1*^ (5) 


ftSPrl 1-176906 


[03251 *t*W:PbTi 0 3 RCO®^U-^ 
4". 04 5) 

04 4tiP bT i 0 3 WQM*MX'- 

**ikkt«*iti^*. 

[0328] (Z)»»!»«C*ftJW t »=«''^ - ORlX 
TiRt^Pbtt. **t<eft(ls2.2s2,2p4>. (152,2*2,2 
P6,3s2.3p6,3d2) . (l S 2 > 2s2.2p6,3s2.3 P 6.3dl0.4J,4p6. 
4dl0,4fl4.5S2.5p6,5dl0.6s2.6p2)-C'*)S. Ztl*m* 


[03 29] (3)J*<JU>k, k9«t, TimW 
[0330] £*L*»A*-*fc*>* F , CI. Br, I 

[033 ll«2 ±«*TCHU Si .pZTfcoWt 
CLfe* #»Sfl3SI««*l«kt-C. ^^ M fi' 

„ b y ^¥,0, ,^vh 'J 

SZ, PrO z . Jf«;^WCaF2 *^ 

a»i«atisBlkTtfex 'J 3 y^x/s*>6V'tiTtfi«*k 
SSS " a * p ZT^l*^^^ 
«v^Ttffi»f6-kttTTtt^ft*- 
I 0 3 3 2 ] ±fc. tet»S^^^' W<T 

Vo 3 3 3 ] *tt5U= M«W«*"^ ttt ? 
a^EWKOV^KW^*. Ttt. affi^V*. Co 

6. cot, 5ttHM*fV>**J^* *^* <a £L 
t. T^atfffiWfck-Kflfc****'* *" 

Rdrio -c, aac*««n-c. cKommua*. 

Z CROWW-D-Efi^St-tatt^ 

ttfttftt tr E = 0 ^M* Lfc k § <0D k tT »«U 6 
ftftttPsli. P.-Drt**ft.l^^lWW* 

tico®isr«aw-^k, * 
Tbsmminz k 

iwWBx^;^tlB/l^SCk»i. fj^*^ 
4 £«0fl»**«W*=J:* ltf « »rLV^ab i n » t 1 
6. «sa<0*flHS»S:«»^ ab 1 nitl 


(49) 


ttBfl 3 ?! 1-1 7690 6 


[0335] tLh2<X7C^)!)*l14S:tt*i"&^* 7 r;l- 
fc. 3<WE«0*tt«IMWa«0-WK:ov^Ttt. H8fc 

[ 0 3 3 6 ] X. |?!S«0Wib^Pi* { i:^«^l-^ff*' 
*rO^*>£ Lib*?. fiP*>, i/SaU-i'a^ 

-f-L-C. Ztlhit, ?t4>V (4) iCtStt 
3*t*ktt>»c. 7r-<;u (4, 3) *»A><or-^« 

ttJt*KUoe« i vt***«fc • as? • w»^»;c 

[0 3 371 H4 9ti. *SW*:«BB**i*^^^ 

w«<o«iWEi«irti=«»t*¥*Wi , c*o. 
co-aj^oflwe**. eft***** 

[03 38] 05 Hi, *ffeBBC:J:&ab i n i t l o 

5 2li, *JHBKJ:*ab i n i t i otfTHtfJ^S 
-W<fc3K, WilfKTV^ 

[0339] 135 3te. *«"BfcJ:4ab 1 n i t i o 

i ***»«*ivfe* t . 6 o o -csBWofcircT^-rt* 

[0340] ttz. 3)s^C0ab i n i t i oft^Dtf) 
*?6Wl:J:4ab i n i t i o^fHAf i'J*^^ 

T-t±» sio t t;:i!«t*Si-o-Si 


[034 1] 05511. SICSLft05 1<OA*f- 
[03423 H56*»feH69»4. 05 lCOA^-r-? 

ffijR**t»=i3*t4s i - s iiarat. «ra 
tiA&*3ztt.2-£x^ttbrzi> <T)X'$> h . 

[ 0 3 4 3 ] EI 1 fcw Lfcv^fAtti, S^BPftltW 
7 0K*Lfc^f-A^)J:'3t=, »JJKr«»ttJWls— 

x-'mzfttens-VAZft^^^' zixhumnm 

[0344] fcUKOiSfc, A-KO 

•/SaW^TOPAZm 09 8H7irtJ;dtC. * 
^'J»i*«j2 4M>'^ ht\ «fil»IWat4H"lfc*** - 

4T«. tt#ttWfr#*LTV*wr, **>Jti2 0 0 

^(^^IS^^ab- i n i t i oftS^&S > 

[ 0 3 4 5 ] C 5 fcttiRTti. b - 

i n i t i o-j-iv^yMzm^x. m^wmn^ 
^m. xmmm&fwitt*> ihm»*>=» ****** 

[0346] «*-c t , iet^e^FW^KS MH*.*: t. 
£0tSi>&. 9 9 7P— >-b-C'*>0. 

HP1=>. ZCD^mX'li. IBM**** 

**»«=■• Lfc* (1 2 2 3) IcK^-r?.. -Witt 
\Z%\titlX\^bC ar-Parrine 1 1 o^ffl^ 

■thhcnx-hh. dw*an-ft«a^tw^** ts 

^-/Wyt:a-^tt> 10<0*^«ft*t?-t lfi 
[ 0 3 4 7 ] X, ro-fe^M «r«Bfc««****= 


(50) 
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izumx'h*. MUtf. n«*fti- i m*f>\<*m^x 
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;^tlt*^8a$ft*KttK«&k Qbdk 05fflEI£ 

[04 5 2] HI 2 6{4, »«05JGfl*TO>I*ffclR0OS 

i-0«fflBH*«l. 8*y^Xho-AJ2Lhfc ! Sr-»T 

V%6*g-&?>a}3ifS£k Qb d fccofflW.* 

S. H12 6*»A>, S i -OM^iaPB* { l . 8AtLhk 

Kwu-cjso, s i -om+mbVMNemmtw 

7}-S{4#>l 5 cm-' fcfrOT^fc. 
[0453] BHUteEltl&fiiWtab^ &§&OftJM 

*7 w-tm&exmt* ( i ) mcMmmwfmn 

■f&Zbfrh. s i -Ott-^WiafcH-Stv^^fi 
k , ( 2 ) ffWKIMJRa I RSIS^k * fiUti* 
4>, S i -O-S ife-^J£#«4"-!r&fcv^S<D2 

ti, aSKBB&L^S.xl-'-^K.tO, HI 27fc« 
UrJ: ?(:, BHIdtfNMMMlOttS i -OS-&^*« 

[04 54] Qb dbffiftzS i -O«-&<0fflW*»** 
«ffl«a*fcoV vt J4 , t4 * «BW 1 1MB L 

WT05 J: 9 Klttti . 5 IfflllttMt , r ?fBS • 
#$l£ffi£$8S. ffi5»x D n yWHmcomtii. - ffff • ffi 


SBW3J:V^I«W= J: 6jE?U*5I j p . 10 1-10 4 
Xhh. £fflft##^*l£8rrn^7AGAUSSI A 

O-S i <05#^05R£^05IE?l05}f 31**1* 

&S*lI>. «HIS*ifejBFU4SBRt§S<Stt^*WT', 
«7-l~*f LTt4«S4"l>k LTfK . £*MS*. K£05 
£<t4*7£ffi«LT7C05#JRt;:M*. LA>U -a»i 
S7kE?L05S*S^T'JSa3$iT.*:»e v«x*/W?-fc 
#T, WtS<^fv4Si -0«frg-£flJoT»7- 
WvjlttrtHU ^t4l&*X£05J:?&2ftW&KflS£ 

[04 5 5] *«^8#A>(=J:&k, ,I0D«&05J: ofc, 
[04 56 3 liLhOi^^fiBSr^T^-kCiO, 

mFf-v^x-num k issvWittt k rttmifift z. 

bfrt>. *% B J#^t4, r«StXg0Ote]Ej 
[04 573 Hf^xeiT-at^/iS i ^x/nSt , SHUR 
JgfifcSia^AL, 1 050-C, 5%SK**tfdry 

I R^? h;P5rfflStA:. SIS«J:0, I RXifh 
iV<ns i -o#«IMWWS»^-^iW[*K»t 9, JC 

^t;^, 1 7cm , t0v7h* 1 «^S*tJt. 
[04583 C^7M*»t, »MfcK»C»0. 2GP 

tifz. CC0^7h*S-^7hE#«[l 5cm-'kit«L 
fc. ;^XST'<4B#@SrilS^TVM»-k* J «»Sii 

[0459]*^, «WtW««J**Jt»t*fc», - 

s<o^x>'^^^^4^s^ar--yn^5r^ ; t^^•ti^•t , , -toii 

^■Cft&T=.-/WBWBkrx-^a«, (*ifljSJ!S^i4, 

mfcWzmzte&i$tix^hTMWi&m<rmm&^ 

i-#*LTJMlLfc. ^tfO*S^(41 000-C, 3 0«W3 
[0460] T~-/U»7a, H« I 

^%&k, «jEL^*»->^*-&kT', Qbd«0S!feS:tT-o 
fe. *WIS*. »iEL^*-^T-{4. 45C/cm' , g 
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[04 6 l ] 4*\ JMcoH»t*^«^xyNt*JV^T. 
9 5 0*C^d r y 0 2 #H«"CWH^iWoy- 

^ t^y7M*n6cni-itJ>o^ ^ntiKff 
[04 62] 

"CSr < x M O S L S I #^#<*SB$:«Bt-r^SB> 

£*J:3fcLfciflL (v)«U#*xv^WS 

[01 1 i ^ yXf ^^*S:^t0. 

[03] *«WCfflv^fc*rLV^ab i niti o#TiS 

[04 ] W-Oaff ( i > t * VC&Mrf- ( J ) fc<0ff 
Jflfc. SfcWRZflHlFF (k> frkSSZ. ( j ) taUT 
AoT<&2frm£^rf0. 

[05] r*8fflBfe»i:U etfttt&bL. - 

[06 1 m^nn^t*9m^Kmam»mk 

[H7]*«IP*^5aI/-^I Ik. 7*n**£» 
JWP--«y h I k<^8l£I« t 8*f &0. 
[H8]*MllJ)^5*)/-^I it. ro^rx?a 

[09] tfU32 • 3<K7crn-feXi/$A^-^(!0A^^ 
~jryxcoH^£^~£^"t0* 
[01 0] *flJ82 • 3&^ru*x^^V-^AJi 


[0in *ft»»^wi«^ J: «• 2&*<?>-m*-r 

0. 

[012] >f ^yfl^fCO^-nyfflSf^ffl^flWBI*^ 

[013] >f*WWc0^-nv«2ffffl«0*«H*^ 

[014] ^f^Vfl^rCO^-ayfflS^ffl^fl^SS:^ 

[015] W^at^flBt^r^Sr*^. 
[016] TJl'#V&W*9'4 K$h?Sr*5"$'. 

[017] KH^UM**^***"* 

[018] ^HJ*?;M3 0 6 3)*«VvC#ttfc*W 

[01 9] -ehU 7^^(3 0 6 3)^t$teSSf 

[02 0 ) V h U ?X(3 0 6 3)fc«VYt#abfc1Wf 
Sift"*", 

[02 1 ] Si-SifSl^^-nyffiS^fflJ^lt^*^^ 

-r. 

[02 2] &7>*»*«&£*9* Si#2s*&V*tt3sfc* 

[02 3] ISJH»l«MW^«ffcKWfctte±B« 

«r 4 i: t fc 
[024] *«W^J:&4«ti**^5Al/^«Wf 

g*tfcso-si-ofl, si-o-sift. atxo 

-SiJ^£^-fr-?0. 

[02 5] f&fcaS'S 3 yS/Xf ACEW"** 

[02 6] t*^c0^5^V-^3 y^rAt^ltl)^ 
[02 7] <|K^ro*xk»rn*xoiR««8l* 

[02 8 3 SE#^**S*T-*H. 
[02 9] ^co»KSr^T-^0. 
[03 0] SE»^>»*t*1-r-^H, 
[03 1 3 ^^^^^-^3 yyXrA(:J:l)W 

[03 2] SSWOS^ VisXy-MzXhm 
[03 3] ^O^^^^a y>/XfvM;:J;*JHft 
[034] ^sfWWfeaWWLfcWLVV^inltioMDi/ 
CO0. 

[03 5] *J6««»teJ:&aaH!«*wJ:&^SAl/- 

[036] *m&mz£hm&mfktz£z>>'$.*i'- 

[0373 *»«***fl»»^^^^"-^* :J: ^ P 
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[03 8] hBaTi 0 3 tPbTi O 3 (0 

msm. 

[03 9] *»HB#«f*qRL<^Lfc^S j-W-^fc 

[04 o] *^Hfl*^* { ra%^>-5a.w-^tfc't* 

SiO 2 cOttl£0!l. 

[04 1 ] t < Ufc 5" 5 a V- 9 \Z 

Xh^vf^tl* hPTO<Of-v-> ; waj*0. 
[04 2] *%HJ#^* 4 *iL-<^fi£L^abinitio/MD 

[04 3] *^^* 5 «TU<^)SL^abin5tio/MD 

5 a V-9 1 ± J^D^« 4 h P T O«0K*X*«> 
W. 

[04 4 ] *5WB«^* s *rL<f1 £ l«t^abinitio/MD 

[04 6] *W!WfejWMUfc->5*V-*«>?'-*' 
[04 7 3 y— <r-$">*7tf>0. 

[04 8] *«BB«7)3QtWKO0. 

[04 9] *WWt«WS<x4^9Xi"lfc'y-/H=*»V^ 

Jn 3 fiT v > 6 *» £ ^-f W±0 . 

[05 o i nbtinm&mk. . mrnm^nhtitz+ 

[05 1 ] **flHfc**ab i n i t i o«^Wl^ 
5 a U - ^ g y : sA*r A/vO Aflr- * <r>-m b L t « 

jas ^ — ^ y ^. Sr ^i"0 • 

[05 2] *»H3C«t4ab i n i t i o4H*Wj¥>' 
[05 3] *%BSCiSab i n i t i o^»71^v 

[05 4] *»±6ab i n i t i ofrfwm^ 

tftCifc & S i - O - S i ft Wig«fSHI:S:^-r0. 
[05 5] 05 W*Ji$^- Jr^fctt^iHJflWT* 

[05 6] *^l:J:i.y5i^3>' i/Xf ' At:i 
*M^V^MWfWC***«S i 4>WffittftC0** 

0. 

[05 7] *SB3l:i5^5*^3 yi/XfAl:J; 
SJR^W^HWfffiT'ft* S i - S i faSgM^^0. 

[05 8] WIciSyiiV-xayyXfACi 
*KT l^waSfWC** S i - S i |SIiEK^^0. 


[05 9] *^C<k*^5iV-x3 y^^xACi 
*«-TU^mfrWC** S i - S i nEMKO^^H. 
[06 0 3 *MC ± S S i 1/- ■> a y i'Xf i 
*KT 1/^;H«tWC»* S i Etikft<04HBB. 
[06 13 ^sfltil'i'Si^-^a^^^'^ 
S i - S i IHEllOittiB. 
[06 2] WICJ:J-/sj^-i'3>^^i«l:l 
S®7 K;Het?W. s i - s i |SKK<o#m 
[06 31 ^^BH^i&^S — y 3 y^fil:i; 

[064] ^^fcifc^Sal'-S'a^*^^'* 
h^V^^mX'hhS iK<aftW#ffi0. 

[06 5] *»U/^l'->'3>' ;/Xtil: ' t 
&M7V^W5e?TfSK**>& s iKffift*>*HBB. 
[06 6] WKci^y^l'-ya^^t^J; 
6iE ^ V^^frPJT'fcS S i - S i BPWOiMBH. 

[06 7] «:±i^i^->^^ Til:i 
SM^l^MWTW*** S i - S i WRIKOfllffll. 
[06 81 *»«CJ:6i'5*V-^9^tAHJ: 

tKTv^mwfffK-** s i - s i rssmm^m. 

[06 9 ] *WHfc* 6^ 5 a.W-S' a > i^rAKJ: 
4WT ^/<;H5ff0rc*>4 s i - s i mfliitaftffiH. 

[07 0 3 3WWHKJ: iXm&Zti*MM'A7-J»<»± 
ft£^-f0. 

[07 1 3 t*3feiO7vySS^^5r^"t^tt0. 
[07 2 3 t^*W7-?yaii©tt*$:^i1*ttB' 
[07 3 3 ^W^ya^*^"*^ 412 ' 

[074] ^?yiaa*»w^ w « f 

/WSr^T0. 

[07 5] O-Si-Ofe-^ftcORBSkt-roSiO, 

X(c± C»^tA:5SlSwjfeJ'-$r7is-f1ftt0. 
[07 6] S i Oz+^XRaSr^^r^. 
[07 7] *IW»:J:*4HF«**i'3*V-i'«Wf 

[07 8] *JHUcJ:*4fflft*1 6 ^5*l'-^^«Wr 

{^S-7S-f1f1±0. „ 
[07 9 3 *|HBtJ:*^H«*^5*W-^«^T 

[080] *WHfcJ:**flfclrt E *'5*^-^«« tl 

WCftSW^Kl* t^-f 0. 
[08 1 3 jW^J:*^***^*!'--**)** 

[08 2] *»W=J:*»WMi*3'8*l'-*«>W5 

[08 3] ^wmbtf^^ft^ft™*^* 

a C J: *»StttS**iP-*-WiH. 
[08 4] *JHBfcJ:*SE**ifeft«v^^lW3^^ 

^08 5] ♦WSCifi^lWJ^S*^-^^* 
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[08 6] *WJ»fefcJ:4WWS i O,ff««K0a 
[08 7 1 **W*fcfcJ:4tHWi+^MHIS i O 
[08 8] *»5»fcaH«W:#TOai^5* 1 '- 

EEL 

[08 9 ] *««tfe*«KII»l'fc*flWl ! l^ 5 

[090] #»»t L<Mf6 LfcW«*¥'> 5 
*/l^-3Efl:?:*-*1*e0. 

[09 1 ] if^mhi)mL<wmLtz^=f-Wi-n^^ 

[092] *wp» him L < Bffifc tfc*^»*^ * 5 

jl W - 9 £3Ifi&OVerl et<7>T/l^ l> Sr ffl V It* L 

[09 3] *^#^*<»iU<ra%^^»^^ s 
a V - ? C&ftSSVerl etO 7 ^ 'J X A Sr ffl V > s It* t 
fcx*/U^-<7>3Hfc£'j^" ! HM40. 

[09 4] *^B^fc* i fiL<^t^? 1 t6^^5 

ibs-*-t#tt0. „ 

[09 5] *«W«fejWRU<Bl«Lfc* : f«* j S t y* 

^-^«-Si02 CSSfflU tt*3*i*:IR*^ 
7 ^;^Sr*-^"0. 

[09 7 ] *»H#fc:(«U<PKtfc# : Hto*S'S 
^-^a-Si 02 CSSffiU 
cofM^ti.tz I RX^7 Wl^Tjrf 0. 

[098] *JMJ# «!» t ^ 5 

1#tt0. 

[09 9 ] *»#f fcaWRL < BBf&tfcfrWJ^v 5 

It* L fcx*/l^-<0$Mk«r Tjrf tttt0 • _ 
[0100] *JW»fcfc J: &ft**)*£7r;-f 0. 

[0ioi] *»W«fe^i*tt**)«*^0. 

[01 0 2] S i (100) fcjStttWOH. 

[010 3] SiO^Si/SiO^IififtWS 

[0104] ra»liIt*ws&ftS£*^M^T0. 
[0105] gtfkffitwffiJf^s*- efia^fftt^^-t^ 
tt0. 


[0106] nMW)iw«>»*» BW««»tt*wt» 
tt0. 

[0107] K-fUKcoKff^SJK. «HB*#tt** , *'1* 
140. 

[0 1 0 8 ] **rtta*n^fl(»tfflV>fc«AW b v ^ 
[010 9] *ffi9^J!!a«C»»**^kWM yj<0 

[0110] hWyf-ftfc*J»t&oxx«)***WTfr» 

^■810. _ 
[0111] hV>-f-ftt:*Jtt*«xx(0*flfS:*tfr* 

[0112] hVV-f-ftt=fc't& o xxtOfrfli 5: JpTit* 
^880. 

[01133 M^yf-ftlc*J»t6<yxx<^»-W*^^iW 
^830. 

[0114 3 t- W-HIKfcWft cmco^fpfc^'tit* 

fS30. _ . m 

[0115] hVV^fc£fcW-fttfxx<^*£^"fr* 

^880. 

[0116] MftSixfciHfcWHB^***" 8 ' 
[0117] *»«7^*J»t*y-b««MtK^®* x 
SSr^-fBt®0. 

[0118] mmmi c#»*y-hmttMtMM*z 
[0ii9] mmiizKVh¥-vmMmm&> 
[0120] #axg^fflaci ilea******* 


[0i2i] ni&JM<7>nmzxi>m^(o^itim-rm 


[01 2 2 ] fca4HB«Otm«£7rr*0. 

[012 3] «tW7fca»t4BMl^fciW«&iaaG 

[0124] fcflftanKift i h^? WKOSHfc*>tt 

[0125] muR+^fflW&a k s i - o - s i m 

[H12 6]*lifi»<0Si-ORflBW**l- S*^ 
(OB8^Sr^-f0. 

[0127] jEJJtttnw***: J: * S i -O&mmft 
[0128] dRAMcoitfU*-yr3Xhfc<oRHS* 

7F"$"0. _ . 

[0129] ± *imM:ja«)»txai:»Kt 

[0130] m&K*?>?7**te XJ -' u * :7 *' tm ' 

[013 13 *!W!lcJ:*rn-feA^5*W-5's>'* 
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1 1 3 2 ] 3 &7tH!tt-? b 'J *9 XOWfc^fH . 

[01] 


[04 3 


u 

Ah' 



Aa 



D 

(MD) 




tbift 




[018] [0151 



[021 


[135] 


7ij 



116] 


Qm Ox 
M X 


7ij 


rik 


[07] 
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[09] 


ah* 


HT-^ (Oft** : Hcllnwn-Fcynnufi^S 
R^CDlS*'** viusf^M^ ^v(t)^li 


Pox, APox 
/**'/V-*>* Pox, APox 


[01 73 



MulUon 

Pausing 

I! 

7.17cv 

2.1eV 

B 


2.0 

C 

534 

2.5 

N 

6.90 



[019] 



SiSi02 


[010] 


[06] 


# y i/ y ^ * * ¥ - * & # * 


oc (- 
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[08] 


[01 1 1 





YES 


ifWisiOiRK** 4 ISA*' 


I 


o < O fc K» L V S1O2 *>iftKrft * n 


[02 21 



o 

-2<Qo<* 


10.0 
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[0233 


[0251 


( START ) 
> 


T 


f END } 


4 %y&\ 


CVP *X*;f V/ 


3* -Mb 


ZZh 


3- 



[027] 
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[0243 


f 


' BOND ANCLES AT SI ATOM 
. SI - 0 (DKORBfO < 


I 

2- 
1 

3- 
3- 
5- 
5- 
7- 
4- 
9- 
9- 
11- 

n- 
13- 

15- 

12- 

17- 

17- 

19- 

19- 

21- 

21- 

23- 

20- 

25- 

ZS- 

27- 
8- 

27- 

29- 
31- 
33- 
34- 
6- 
33- 
35- 
37- 
37- 
39- 
36- 
41- 
14- 
41- 
43- 
45- 
45- 
47- 
44- 
49- 
22- 
49- 
51- 
53- 
53- 
55- 


2 

28 
3 
4 
5 
6 
7 


9 
10 
11 
12 
13 
14 
i!S 
16 
17 
IB 
19 
20 
21 
22 
23 
24 
25 
26 
14- 27 
14^ 28 


27 
29 
31 
32 
34 
60 
33 


IB- 35 
19. 37 


38 
39 


19- 
20- 

20- AO 

21- 41 
21- 42 


23. 45 

23- 46 

24- 47 
24- 4* 


25- 
25- 
26- 
26- 
27- 
27. 
28- 
28- 


108.9349 

110.2779 

108.9303 

108.8379 

109.9244 

110.0583 

109.3194 

109.7291 

109.3677 

1109178 

110.1572 

110.2308 

111.1628 

108.8920 

109.3806 

109.6320 

106.3242 

108.6424 

1117.7255 

11 0.5358 

108.8805 

110.1516 

110.0312 

109.5848 

110.5169 

1103303 

109.1309 

109.2992 

1(0.125) 

110.7322 

109.6533 

108,5453 

109.8139 

110.1016 

1093102 

110.2591 

108,9678 

109.7983 

109.8264 

108.8545 

109.0508 

109.9605 

1103327 

109.3678 

1 10.8370 

107.8368 

1 10.7456 

108.6719 

1 10.6992 

109.1146 

1103570 

1 10.6860 

111.4685 

109 8225 

109.2661 

109.5974 


AT IIME (FS) 
SI - 0 _0>ECFEE)_ _ 
"|7"» 108.5615 


103 
4 

70 
6 
16 
8 

130 
10 

111 


109.5298 
110.6575 
109.2018 
109.6437 
108.3414 
1)0.0928 
109,2644 
110.5243 
108.1002 


0 - _S1_ J_ (pKJREt)_ 
109.4750 
1 IU.0363 
1 10.2105 
108.9536 
109.9806 

108.8641 Tn -7*C0 
109.9225 All V- v ^ 

,0M5S7 


I. 
28- 
1- 

4- 

3- 
6- 
5- 
8- 


10- 


1. 105 

1. 103 

2- 70 

2- 70 
16 

3- 16 

4- 130 

4. 130 

5. Ul 
5. Ill 


ID9.8644 
108.0205 


BOND ANGLES AT SI 
0 - SI (ANGSTROM) 


I - 
2- 
3- 
4- 
5- 
6- 
7 - 
8- 
9. 
10- 

II • 
12- 
13- 
14- 
15- 
16- 
17- 
18- 
19- 
20- 
21 - 
22- 
23- 
24- 
25- 
26- 
27 - 
28- 
29- 
30- 
31 - 
37- 
33- 
34- 
33- 
36- 
37- 
38- 
39- 
40- 
41 - 


1 
I 

2 
2 
3 
3 
4 
4 

5 
6 
6 
7 
7 
8 
3 
9 
9 
10 
10 
11 
II 
12 

7 
13 
13 
14 

1 

IS 
IS 
16 
II 
17 
17 
18 
18 
19 
19 
20 
20 
21 


1.6503 

1.6132 

1.5863 

1.6175 

1.6088 

1.6093 

1.6241 

1.6303 

1.5924 

1.5842 

1,3857 

1.6054 

1.6014 

1.6182 

1.5887 

1.6306 

1.6182 

1.6174 

1.6056 

1.6132 

1.5974 

I.6D70 

1,5951 

1.6219 

1.5883 

1.6273 

1.6136 

1.5151 

1.6091 

1.6199 

1.6161 

1.5255 

1.6316 

1 5912 

1.6193 

1.5952 

1. 5452 

1 5997 

1.6350 


'atom AT TIME («) 
0 - S« (ANGSTROM) 0__ -_S1 


1 - 

2 

1.5914 

2- 

84 

1.6149 

3- 

3 

1.6158 

4- 


1.5837 

5- 

4 

1.6121 

6- 

18 

1.6181 

7- 

49 

1.3875 

8- 

15 

1.6090 

9- 

) 

1.5555 


Tn+IT? 


BOND ANGLES AT SI A'lOM 


1.5020 


J ?L- * 
i- 

_0 _^ 

_SI _ 
2 

(DbGKh£>__ 
141.9792 

i- 

2- 

84 

141.6846 

2- 

3 

3 

1433545 

2- 

4- 


144.2273 

3- 

5- 

4 

U10583 


6- 

IK 

143.0912 

4- 

7- 

49 

142.8356 

4- 

8- 

15 

142.2639 

5- 

9- 

6 

144.0091 

5- 

10- 

83 

141.1559 

6- 

11- 

7 

143.1983 

6- 

12- 

0 

143.4654 

7- 

13- 

8 

142.7547 

7- 

14- 

22 
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